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The  Prentice  Brownstone  Co.,  Houghton,  Wis.  Two  samples  of  bi 
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INTRODVOTIOy.  xxiii. 


INTRODUCTION. 


To  understand  the  characteristics  of  building  and  ornamental 

mes,  one  must  be  familiar  with  the  composition,  manner  of 
[formation,  and  occurrence  of  the  common  minerals  and  rocks. 
It  is  frequently  necessary  in  discussing  the  chemical,  mineral- 
ogical,  and  physical  qualities  of  stones  to  use  terms  with  which 
the  general  public  is  not  familiar.  In  view  of  these  facts,  and 
for  the  benefit  of  those  who  have  little  or  no  knowledge  of  the 
<»mposition  and  kinds  of  minerals  and  rocks,  or  of  the  common 
rock  structures,  it  has  been  thought  best  to  include  an  appendix 
on  these  subjects. 

The  first  part  of  the  report  is  devoted  to  a  discussion  of  the 
demands  and  uses  of  stone,  the  important  considerations  in  the 
selection  of  stone,  and  the  methods  by  which  the  value  of  stones 
for  different  purposes  may  be  estimated.  The  second  part  em- 
1)race8  a  full  discussion  of  the  building  and  ornamental  stones  of 
Wisconsin,  their  manner  of  occurrence,  color,  composition, 
adaptability,  strength,  and  durability. 

An  attempt  has  been  made  to  give  our  readers  an  idea  of  the 
■color  and  texture  of  the  more  important  kinds  of  granite  and 
brownstone  now  quarried  in  the  state,  by  the  insertion  of  col- 
ored lithographs,  which  accompany  the  description  of  the  gran- 
ite and  brownstone  from  the  different  quarries.  These  litho- 
graphs are  very  accurate  reproductions  of  the  polished  faces  of 
the  granite  and  the  sawed  faces  of  the  brownstones.  They 
should  prove  valuable  to  architects  and  builders  in  selecting 
stone,  as  well  as  in  showing  people  in  general  the  variety  and  ex- 
ceptional beauty  of  the  building  and  ornamental  stones  of  Wis- 
consin. It  is  unfortuante  that  the  gray  and  light  buff  colors  of 
the  limestones  are  such  that  they  cannot  be  satisfactorily  repro- 
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duced,  for  which  reason  they  have  been  omitted  from  ainong- 
the  lithographs. 

Half-tone  illustrations  of  a  few  of  the  more  important  build- 
ings and  monuments  constructed  out  of  Wisconsin  stone  have 
been  inserted  in  various  parts  of  the  report.  These  are  intended 
to  convey  to  the  reader,  in  a  limited  way,  the  extent  to  which  the 
Wisconsin  stone  has  been  used,  and  the  pleasing  architectural 
effects  produced  thereby. 

Several  plates  in  the  back  part  of  the  report  illustrate  the 
results  of  a  number  of  laboratory  tests,  and  it  is  thought  that 
they  will  prove  of  service  in  showing  the  manner  in  which  the 
different  kinds  of  stone  are  affected  when  subjected  either  to 
more  than  their  ultimate  strength,  or  to  extremely  high  tem- 
peratures. Accompanying  these  plates  is  a  series  of  photo- 
graphs of  thin  sections  of  different  kinds  of  stone  as  seen 
through  the  microscope.  Since  the  strength  and  durability  of 
a  rock  largely  depends  upon  the  shape  of  the  individual  grains^ 
and  the  manner  in  which  they  are  united  to  their  neighbors, 
attention  should  be  given  to  these  facts. 

The  accompanying  general  and  sketch  maps  give  a  general 
idea  of  the  distribution  of  the  different  kinds  of  rock  and  the  lo- 
cation of  the  more  important  quarries  in  the  state.  The  dots 
which  indicate  the  location  of  the  quarries,  represent  in  many 
instances  several  quarries,  separated,  perhaps,  one  or  more  miles 
from  each  other.  Only  those  quarries  which  have  been  operated 
within  the  last  few  years,  and  those  which  give  indications  of 
possessing  stone  suitable  for  building  or  ornamental  purposes 
have  been  indicated  on  the  maps.  It  is  very  probable  that 
quarries  have  been  omitted  which  should  have  been  included, 
but  every  available  means  was  exhausted  in  an  attempt  to  locate 
all  the  quarries  which  were  in  operation  at  the  time  that  the 
investigation  was  in  progress.  In  some  cases,  omissions  may  be 
due  to  the  failure  of  the  owner  or  operator  to  respond  to  re- 
peated solicitations  for  information  concerning  the  condition  of 
his  quarry. 

Those  quarries  which  are  engaged  exclusively  in  the  manu- 
facture of  quicklime  have  been  given  very  little  attention  in  tVie 
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following  report,  it  being  the  purpose  to  treat,  primarily,  of  the 
building  and  ornamental  products  of  the  quarries. 

While  preparing  this  report  the  author  collected  dressed  sam- 
ples of  stone  from  about  fifty  of  the  more  important  quarries. 
These  samples  are  in  the  laboratory  of  the  Survey,  and  may  be 
seen  by  any  one  interested  in  the  display.  A  list  of  the  sam- 
ples, and  the  quarries  from  which  they  are  taken  is  given  in  the 
latter  part  of  this  volume. 

The  meager  conception  which  the  people  have  of  the  impor- 
tance of  the  stone  industry  in  this  state  is  very  evident  to  one 
who  has  witnessed  the  surprise  manifested  by  those  who  see,  for 
the  first  time,  the  many  varieties  of  granite,  sandstone,  and  lime- 
stone, represented  by  the  above  collection  of  samples.  Yet  the 
industry  in  this  state  is  only  beginning  to  be  developed.  The 
brown  sandstone  of  the  Lake  Superior  region  is  used  quite 
largely  in  some  parts  of  the  country,  and  the  indications  point 
to  a  revival  of  interest  after  the  depression  of  the  last  few  years. 
The  granite  from  many  of  the  quarries  of  the  state  has  an  en- 
viable reputation  among  granite  workers  of  this  and  neighbor- 
ing states.  The  home  market  is  consimiing  each  year  more  of 
the  home  product,  and  eventually,  when  prices  become  more 
nearly  uniform,  the  granites  of  the  eastern  states  and  foreign 
countries  will  be  unable  to  find  any  considerable  market  in  Wis- 
consin. There  is  certainly  a  bright  outlook  for  the  granite  in- 
dustry in  the  future. 

The  limestone  is  not  the  least  important  stone  now  quarried 
in  this  state.  Its  adaptability  to  a  great  variety  of  uses,  and 
the  great  number  of  quarries  in  the  southern  and  eastern  parts 
of  the  state  bespeak  for  it  an  importance  second  to  neither  gran- 
ite nor  sandstone.  It  is  one  of  the  largest  sources  of  stone  quar- 
ried for  local  consumption,  as  well  as  an  important  source  of 
stone  for  exportation.  I^ot  only  does  it  supply  building  stone, 
but  it  is  also  used  very  largely  in  the  manufacture  of  quicklime 
and  materials  for  road  construction. 

It  is  to  be  regretted  that  on  account  of  the  limited  time  al- 
lotted for  the  preparation  of  this  report,  the  author  has  been 
obliged  to  omit  certain  features,  which  would  have  been  inter- 
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esting  and  valuable.  The  author  intends,  during  the  coming 
season,  to  extend  the  experiments  on  strength  and  durability, 
which  were  begun  during  the  preparation  of  this  report,  in  the 
hope  of  adding  to  the  information  already  obtained  along  these 
lines. 

In  the  preparation  of  this  report,  the  author  has  had  the  valu- 
able assistance  of  the  Director  of  the  Survev,  Professor  E.  A. 
Birge,  and  the  Consulting  Geologist,  Professor  C.  R.  Van  Hise^ 
under  whose  careful  guidance  the  work  has  reached  completion. 
The  excellent  colored  drawings  of  the  granite  and  brownstone, 
reproduced  in  the  colored  lithographs,  were  made  by  Miss  F.  K. 
Denniston.  The  chemical  analyses  were  made  by  Professor  W. 
W.  Daniells.  The  Survey  is  indebted  to  the  University  of  Wis- 
consin for  the  use  of  the  laboratories  and  apparatus  employed  in 
performing  the  physical  tests.  We  are  also  indebted  to  Purdue 
University,  of  La  Fayette,  Indiana,  for  extending  to  the  Survey, 
through  Professors  Goss  and  Ilatt,  the  courtesies  of  their  testing 
laboratory.  Thanks  are  also  due  Professor  X.  O.  Whitney,  of 
the  University  of  W^isconsin,  for  reading  critically  the  chapter 
on  physical  tests.  Messrs.  C.  A.  Kudquist,  of  Ashland,  and  J.  B. 
Manwaring,  Jr.,  of  Superior,  assisted  in  gathering  the  histori- 
cal data  of  the  Lake  Superior  brownstone  industrj- .  The  brief 
geological  history  of  Wisconsin  given  in  Part  L,  Chapter  I.,  is 
based  largely  upon  the  work  of  the  former  Geological  Survey 
which  is  embodied  in  the  four  volumes  of  the  "Geology  of  Wis- 
consin." A  large  part  of  the  success  of  this  report  is  due  to  the 
co-operation  of  the  quarry  owners  and  operators  throughout  the 
state,  and  the  willingness  with  which  they  responded  to  the  re- 
quests for  samples  and  information  concerning  the  quarrying 

industrv. 

E.  R.  Buckley, 
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THE  BUILDING  AND  ORNAMENTAL  STONES 

OF  WISCONSIN. 


CHAPTER    I. 


DEMAND   AND   USES. 

BUHiDINOfl. 

There  is  probably  no  better  indication  of  tho  civilization  of 
a  country  than  that  exhibited  by  its  architecture.  As  a  people^ 
we  have  not  yet  passed  the  stage  in  which  first  cost  is  the  con- 
trolling factor  in  the  purchase  of  materials  for  construction. 
This  is  true  not  only  in  the  matter  of  selecting  the  kind  of  ma- 
terial, but  also  in  selecting  the  grade.  When  the  idea  of  stabil- 
ity enters  into  the  factor  of  utility ;  when  men  build  homes  and 
places  of  business^  not  for  a  life-time,  but  for  centuries  of  use ; 
when  our  conception  of  beauty  becomes  modified  by  the  element 
of  durability,  then  the  development  of  our  stone  industry  will 
have  reached  a  permanent  basis.  It  is  true  that  in  the  case  of 
public  buildings  there  has  been  an  attempt  at  permanence.  The 
present  tendency,  from  the  state  house  to  the  district  school,  is 
to  discard  the  wooden  for  the  brick  or  stone  building.  But  too 
often  the  stately  or  monumental  character  of  a  public  building 
has  to  be  sacrificed  on  account  of  limited  or  insufficient  appro- 
priations ;  but  more  to  be  regretted  is  the  fact  that  if  the  appro- 
priation is  too  limited,  durability  will  be  sacrificed  to  preten- 
tiousness. 

The  competition  between  brick,  terra  cctta,  iron,  and  stone 
has  been  very  sharp,  and  only  where  the  builder  has  insisted  on 
permanence  and  durability  as  the  first  considerations  in  the  se- 
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and  business  becomes  settled  are  the  temporary  structures  re- 
placed by  those  of  a  more  permanent  character. 

Many  parts  of  Wisconsin  have  not  yet  entirely  passed 
through  this  stage  of  rapid  development,  and  time  alone  can 
bring  about  the  needed  changes  in  the  methods  of  construction. 
!As  our  civilization  becomes  more  permanent,  the  demand  for 
durable  material  for  constructional  purposes  will  increase. 
Finally,  every  public  building  will  be  constructed  out  of  stone, 
every  city  of  reasonable  size  will  have  a  depot  constructed  of 
stone,  and  private  residences  built  of  stone  will  dot  every 
thoroughfare. 

MOIVUMEIVTS. 

The  cemeteries  of  our  land  contain  thousands  of  monuments* 
Every  lot  has  its  mausoleum  or  headstone,  and  each  year 
thousands  are  being  added.  The  demand  is  constantly  increas- 
ing, and  each  year  the  call  is  for  a  more  durable  materiaL 
Monuments  furnish  one  of  the  most  permanent  records  of  the 
history  of  a  people.  It  is  said  that  under  ordinary  circum- 
stances, the  newspaper  of  today  will  crumble  away  in  a  century* 
If  our  Bepublic  should  be  destroyed  and  buried  in  the  dust,  the 
records  inscribed  on  the  monuments  of  today  would  furnish  but 
a  very  meager  history  of  a  great  people. 

For  monumental  purposes  the  "reputation"  of  a  stone  in- 
fluences very  largely  the  extent  of  its  use.  Likewise,  the  ex- 
tent to  which  a  stone  is  used,  is  often  one  of  the  largest  sources 
of  its  reputation.  The  Scotchman  does  not  always  know  a  good 
monumental  stone  from  a  poor  one,  but  if  he  is  told  that  the 
granite  he  contemplates  purchasing,  came  from  Scotland,  it 
is  su£Scient  evidence  to  him,  of  its  durability.  In  like  manner 
the  granites  from  Massachusetts,  Vermont,  and  Maine,  by 
their  past  extensive  use,  have  won  a  reputation  which  gives  them 
a  prestige  in  the  market.  The  New  Englander,  like  the  Scotch- 
man, feels  that  any  rock  from  his  native  hills  is  certainly  worthy 
of  any  praise  that  can  be  bestowed  upon  it,  and  he  contents  him- 
self with  a  knowledge  of  the  place  where  it  was  quarried. 

The  granites  and  marbles  of  the  old  world  have  long  held  a 
place  in  the  estimation  of  our  people,  and  it  is  not  strange 
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that  the  stone  used  in  some  of  the  best  monnments  of  our  repub- 
lic has  been  transported,  at  great  cost,  from  Scotland,  Scandi- 
navia, and  other  European  countries.  This  has  been  done,  not 
because  the  granites  of  Wisconsin  are  inferior  to  those  of  the  old 
world,  but  because  the  Scotchman  loves  the  memory  of  his  native 
land,  and  every  rock  that  comes  from  its  moors  and  crags  is  dear 
to  him.  If  he  cannot  be  carried  back  and  laid  to  rest  in  the 
country  which  gave  him  birth,  friends  will  bring  a  column  of 
granite  from  his  native  country,  to  mark  his  last  resting  place  in 
the  land  of  his  adoption.  But  as  the  ties  which  bind  the  adopted 
son  or  daughter  to  their  fatherland  are  lost  in  love  for  their  new 
home  and  country,  our  people  will  be  content  to  have  their 
grave  marked  by  granite  hewn  from  the  hills  of  their  adopted 
country. 

The  tariff  has  had  a  decided  influence  upon  the  importation 
of  foreign  granite  and  marble,  and  today  the  duty  is  so  high, 
that  foreign  stone  is  being  rapidly  driven  from  the  market. 
The  rapid  increase  in  the  demand  for  granite  monuments  has 
been  accompanied  by  a  corresponding  decrease  in  the  demand 
for  marble.  The  superiority  of  granite  over  marble,  for  mon- 
umental purposes,  is  no  longer  questioned,  in  consequence  of 
which  marble  is  now  sold  mainly  in  the  rural  districts.  But 
even  in  the  country  churchyards,  an  occasional  granite  column 
is  now  erected,  where  a  few  years  ago  all  was  marble.  In  a 
climate  such  as  ours,  the  lettering  on  the  marble  slabs  soon  be- 
comes illegible,  and  it  often  takes  but  a  few  years  to  remove  all 
signs  of  the  original  polish.  The  glistening  white  of  the  marble 
is  far  less  pleasing  to  the  eye  than  the  varied  color  of  granite. 
Not  many  years  hence  marble  monuments  will  be  something  of 
the  past,  and  in  their  place  will  be  raised  columns  of  massive 
granite.  "No  more  beautiful  granite  for  monumental  purposes 
can  be  found  anywhere,  than  that  which  is  quarried  in  Wiscon- 
sin. The  brilliant  and  subdued  red  colored  granites  are  unsur- 
passed in  beauty,  by  any  which  are  imported  from  foreign  coun- 
tries or  the  eastern  states.  The  dark  colored  rhyolites  and  gray 
granites  are  equal  in  every  respect  to  similar  varieties  quarried 
elsewhere. 
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ROAD  MAKIHO. 

The  era  of  road  making  has  scarcely  begun  in  this  oonntij* 
In  the  cities,  to  be  sure,  many  of  the  streets  are  paved,  but  the 
roads  in  the  country,  and  in  the  towns  and  villages  have  scarcely 
been  given  a  thought  Especially  is  this  applicable  to  Wis- 
consin, where  farmers  haul  but  half  loads  on  accoimt  of  the 
depth  of  the  sand  or  thickness  of  the  mud.  It  is  true  that  the 
roads  are  "worked"  but  the  work  has  to  be  done  over  nearly 
every  season,  and  half  of  the  time  the  road  is  barely  passable. 
Progress  in  other  directions  is  making  a  demand  on  the  people 
for  better  highways  and  the  movement  is  slowly  in  that  direc- 
tion. 

In  road  making  there  are  two  somewhat  distinct  problems. 
One  is  the  paving  of  the  streets  of  our  larger  cities,  and  the  other 
is  the  construction  of  country,  town,  and  village  roads.  In  the 
larger  cities,  where  wealth  is  centered,  more  costly  pavement 
can  and  should  be  used,  than  in  the  country  and  smaller  towns. 
In  the  rural  districts  less  expensive  road  materials  may  be  used, 
which  will  prove  scarcely  less  satisfactory  than  the  more  costly 
pavements  of  the  city. 

Stone  furnishes  the  very  best  foundation  for  highways, 
whether  they  are  constructed  of  macadam,  granite  blocks,  brick, 
or  asphalt.  In  the  cities  the  materials  used  for  road  construc- 
tion above  the  foundation  are  macadam,  asphalt,  granite  blocks, 
and  paving  brick.  Cheapness  enters,  as  a  controlling  factor  in 
the  use  of  materials,  here  as  it  does  elsewhere.  The  ordinary 
alderman  or  legislator,  if  he  knows  anything  about  road  con- 
struction, frequently  forgets  it  in  his  ambition  to  perpetuate 
himself  in  office,  with  the  result  that  cheap  and  not  durable  ma- 
terials are  used  for  this  important  work.  In  the  larger  cities 
macadam  is  little  used,  where  the  road  is  subject  to  heavy  traffic 
Cedar  blocks  have  likewise  been  discarded  as  being  too 
temporary  and  unsanitary.  Until  the  last  few  years  granite, 
limestone,  and  quartzite  blocks  were  very  largely  used  on  streets 
subject  to  heavy  teaming,  but  the  large  army  of  wheelmen,  in 
the  cities,  are  strenuously  opposing  the  further  use  of  these 
blocks  for  street  paving.     The  power  which  they  wield  has  be- 
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come  such  a  potent  factor  in  local  elections,  that  the  alderman^ 
who  is  ambitious  for  future  office,  cannot  ignore  it.  Through 
this  influence,  and  a  general  dislike  among  pedestrians  for 
stone  pavements,  the  market  for  granite,  quartzite,  and  lime- 
stone blocks  has  gradually  diminished,  until  it  has  sunk  to  al- 
most insignificant  proportions. 

Asphalt,  which  is  taking  the  place  of  block  pavement,  needs 
either  concrete  or  rough  stone  for  foundation.  Very  little  labor 
is  required  in  shaping  stone  used  for  this  purpose,  and  therefore 
the  lessened  demand  for  granite  blocks  is  far  from  compensated 
for.  Macadam  is  being  used  in  thousands  of  the  smaller  cities 
and  towns  for  road  construction,  but  owing  to  the  lack  of  a 
proper  understanding  of  how  to  construct  roads  out  of  crushed 
rock,  it  has  often  proved  unsatisfactory.  The  macadam  on  a  road 
should  be  sufficiently  thick  to  sustain,  without  injury,  ordinary 
heavy  traffic  and  should  be  so  built  that  it  will  shed  the  water 
which  falls  upon  it.  It  should  also  be  constructed  out  of  ma- 
terial which  is  durable  and  will  withstand  to  a  high  degree  the 
abrasion  of  heavy  teaming.  All  stone  is  not  suited  to  this  pur- 
pose. Rock  which  is  soft  will  powder  under  the  horses'  hoofs, 
forming  a  fine  dust,  which  will  rise  in  stifling  clouds  during  the 
dry  months  of  summer,  and  form  inches  of  mud  during  the  wet 
months  of  spring  and  fall.  The  stone  should  not  only  be  suffi- 
ciently hard  to  withstand  abrasion,  but  it  should  also  have  a 
composition  which  furnishes  the  proper  constituents  for  cement- 
ing together  the  fragments  of  which  the  macadam  is  composed. 

The  same  error  is  made  in  this  state,  as  elsewhere,  in  using 
stone  which  is  most  easily  accessible,  whether  suitable  or  unsuit- 
able. In  certain  cities  of  the  state  the  council  expends  enough 
in  the  repair  of  a  macadamized  street,  during  the  first  ten  years 
of  its  use,  to  entirely  rebuild  it.  This  may  be  attributed  in 
many  instances  to  the  use  of  unsuitable  materials.  Local  poli- 
tics often  control  and  the  people  are  helpless  to  prevent. 

CURBING. 

There  has  been  a  large  demand  in  the  cities  during  the  past 
few  years  for  curbing.     Some  of  the  quarries  within  the  state 
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are  now  being  worked  almost  exclusively  to  supply  this  demand. 
Concrete  is  being  substituted  in  some  places  for  stone^  but  it  has 
not  been  in  use  long  enough  to  warrant  making  comparisons. 

LAKB  SHORE  COIVSTRUCTIOIV. 

The  government  piers,  breakwaters,  and  cribs  along  the 
shores  of  Lakes  Superior  and  Michigan  furnish  a  large  demand 
for  rough  stone.  Certain  quarries  in  Door  county  and  else- 
where are  now  being  worked  almost  exclusively  for  these  pur- 
poses. A  stone  used  for  these  purposes  should  have  the  capac- 
ity to  withstand  the  attrition  of  the  waves  and  should  be  rela- 
tively insoluble. 

BRIDGE  AND  CULVERT  COIVSTRVCTION. 

There  is  a  constant  demand  for  stone  in  the  construction  of 
bridges  and  culverts.  The  railroads  furnish  a  large  demand, 
and  for  the  most  part  they  own  and  operate  the  quarries  from 
which  this  demand  is  supplied.  But  there  still  remain 
thousands  of  bridges  and  culverts  along  the  public  highways,  the 
stone  for  which  must  be  furnished  mainly  by  private  quarries. 
Each  year  many  bridges  and  culverts  are  replaced  and  new  ones 
are  built.  There  is  an  urgent  need  in  this  direction  for  the  use 
of  better  stone  and  more  careful  masonry. 

MISCELLANEOUS     USES. 

Among  the  miscellaneous  uses  the  largest  demand  is,  probably, 
for  flagging  for  sidewalks.  In  the  larger  cities  the  sidewalks 
are  built  mainly  out  of  large  limestone  or  sandstone  flags.  Con- 
crete has  supplanted  the  use  of  stone  in  many  places,  but,  as  in 
the  case  of  curbing,  it  has  not  been  in  use  sufficiently  long  or 
fully  enough  investigated  to  warrant  making  comparisons.  In 
the  production  of  concrete  in  this  state,  the  finer  product  of  the 
crushed  quartzite  is  largely  used.  In  this  way  the  stone  from 
the  quarries  is  to  some  extent  utilized  in  the  manufacture  of 
artificial  products.  Retaining  walls,  mounting  blocks,  fences, 
hitching  posts,  steps,  and  many  lesser  uses  are  sources  of  a  con- 
stantly increasing  demand  for  stone. 
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CHAPTER   II. 


NECESSARY  CONSIDERATIONS  IN  THE  SELEC- 

TION  OF  STONE. 

There  are  three  important  considerations,  aside  from  cost, 
necessary  in  the  selection  of  stone:  (1)  Color;  (2)  The  atmos- 
pheric and  other  conditions  to  which  the  stone  will  be  subject ; 
and  (3)  The  inherent  qualities  of  the  stone,  which  make  it  best 
suited  to  withstand  these  conditions.  In  the  first  part  of  this 
chapter  we  will  consider  the  color  of  the  stone. 

I.     COLOR. 

Bocks  from  the  same  quarry  often  diflFer  very  widely  in  color. 
One  of  the  difficulties  in  constructing  a  large  building  is  to  ob- 
tain stone  which  is  perfectly  uniform  in  color.  The  predom- 
inant colors  are  white,  gray,  brown,  red,  yellow,  buff,  black,  and 
green,  but  a  formation  is  seldom  found  in  which  one  color  is  per- 
sistent over  any  considerable  area.  Even  the  Oolitic  lime- 
stone from  the  Indiana  quarries  is  colored  a  number  of  shades 
of  blue  and  buff. 

The  color  of  a  rock  is  mainly  a  composite  color  formed  by  a 
blending  of  the  different  colors  of  the  constituent  minerals. 
Occasionally  a  rock  is  very  unevenly  colored,  each  mineral  par- 
ticle being  sufficiently  large  to  retain  its  distinctive  color,  as  in 
the  case  of  certain  of  the  coarse-grained  granites.  But  in 
the  igneous  rocks,  as  a  whole,  the  color  approaches  nearer  to 
what  has  been  called  a  composite  color  than  it  does  in  any  of  the 
other  rocks.     The  gray  color  of  granite  is  not  a  uniform  gray, 


12  THE   BUILDING  STONES   OF   WISCONSIN. 

but  is  rather  the  resultant  color  of  an  intimate  admixture  of 
black  and  white  mineral  particles.  The  color  of  granite  is  dis- 
cussed in  a  following  chapter.     (See  Appendix^  Chapter  I.) 

The  color  of  the  sedimentary  rocks  is  due  mainly  to  included 
iron  and  carbonaceous  matter^  which  imparts  to  the  rock  va* 
rious  shades  of  blue,  brown,  buff,  red,  gray,  and  blacl^.  The 
iron  usually  serves  as  a  cement,  binding  the  original  particles 
together,  although  it  may  also  be  an  original  constituent  in  the 
shape  of  finely  disseminated  particles.  Frequently  the  color 
varies  widely,  not  only  in  the  same  quarry,  but  even  in  the  same 
bed.  The  coloring  matter  occasionally  distributes  itself  very 
curiously  through  the  different  beds  forming  what  is  known  as 
variegated  stone.  At  times  the  color  is  distributed  through  the 
beds  in  regular  bands,  while  it  not  infrequently  forms  very  ir- 
regular, fantastic  figures.  Occasionally  a  white  sandstone  oc- 
curs in  which  large  and  small  brown  spots  may  be  observed,  and 
again  a  brown  sandstone  may  be  found  having  similar  white 
spots.  Certain  beds  in  a  quarry  may  have  a  delightfully  cheer- 
ful, uniform  color,  while  others  above  and  below  may  be  dull 
and  somber. 

The  color  of  a  rock  when  freshly  quarried  may  be  almost 
perfectly  white,  but  after  a  few  months  of  exposure  in  the  wall 
the  color  may  change  to  a  buff  or  the  stone  may  be  streaked  with 
irregular  patches  of  brown.  Such  discoloration  depends  chiefly 
upon  the  presence  of  impurities  within  the  stone  itself.  The  yel- 
low color  of  many  limestones  is  often  due  to  the  presence  of 
finely  disseminated  iron  sulphide.  If  stone  contains  either  the 
sulphide  or  the  carbonate  of  iron,  discoloration  is  a  natural  con* 
sequence  of  exposure  to  the  atmosphere,  and  such  stone  often 
weathers  buff  after  a  few  years'  exposure.  The  oxides  of  iron 
are  more  stable  compounds  than  the  sulphide  or  carbonate  and 
are  less  liable  to  alteration. 

Discoloration  on  the  face  of  a  wall  may  be  due  to  impurities 
in  the  mortar,  cement,  or  brick  used  in  the  construction,  which 
are  brought  to  the  surface  through  capillarity.  The  committee 
appointed  to  investigate  the  cause  of  the  brown  iron  oxide  stains 
on  the  walls  of  the  new  State  Historical  Library  building  at 
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Madison,  Wisconsin,  concluded  that  the  only  sufficient  source  of 
ferrous  iron  was  the  cement  used  in  the  construction  of  the  walL 
The  Bedford  limestone  was  reported  to  be  practically  free  from 
ferrous  iron,  and  the  cause  of  the  iron  staining  was  attributed 
to  the  cement  used  in  the  back  wall.  How  much  of  the  staining^ 
in  this  case,  should  be  attributed  to  impurities  in  the  stone  and 
how  much  to  the  accessory  materials,  is  still  a  question,  yet  it  is 
believed  that  not  infrequently  the  iron  rust  discoloration  on  the 
face  of  a  stone  wall,  may  be  due  to  impurities  in  the  mortar, 
cement,  or  brick,  rather  than  to  impurities  in  the  stone.  A 
common  preventative  against  the  ferrous  iron  in  the  brick  or 
mortar  of  the  back  wall  coming  to  the  surface,  is  a  coat  of 
asphalt  between  the  back  wall  and  the  stone  facing.  A  better 
precaution  would  be  to  select  lime,  cement,  and  brick  in  which 
it  is  certain  that  ferrous  iron  is  not  present 

The  dark  colored  rocks,  brown  sandstone  for  example,  after 
long  exposure,  occasionally  take  on  a  lighter  tint,  owing  to  the 
loss  of  iron  oxide  from  the  exposed  surface.  This  decolora- 
tion is  not  an  important  consideration.  As  a  rule,  the  discolor- 
ation, occasioned  by  the  decomposition  of  iron  sulphide  and  car- 
bonate, is  deleterious  only  to  the  ligUt  colored  rocks.  The  dark 
and  the  gray  limestones  are  both  often  discolored  by  spots  or  ir- 
regular efflorescent  patches,  usually  calcium  or  magnesian  sul- 
phate, which  appears  as  a  white  precipitate  on  the  surface.  As 
previously  explained,  this  is  due  to  the  evaporation  of  the  inter- 
stitial water,  which  comes  to  the  surface  through  capillarity. 
The  color  of  a  rock,  as  it  comes  from  a  quarry  saturated  with 
water,  is  generally  different  from  that  of  the  seasoned  rock. 
The  water  generally  changes  the  color  of  a  white  or  buff  stone 
to  a  bluish  gray. 

Very  often,  through  long  exposure  in  the  quarry,  a  rock,  such 
as  the  blue  limestone  of  the  Trenton  formation,  may  be  partially 
weathered  along  the  joints,  leaving  a  blue  core  surroimded  by  a 
buff  colored  margin.  Near  the  surface,  these  beds,  which  were 
originally  blue,  are  often  completely  altered  to  buff,  while 
deeper  in  the  quarry  they  are  but  little  changed. 

The  manner  in  which  a  stone  is  dressed  sometimes  affects  the 
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permanency  of  its  color.  A  rough  dressed  stone  furnishes  a 
million  places  for  dust  and  dirt  to  lodge,  while  a  smooth  dressed 
stone  is  free  from  such  lodgment  places.  Thus  there  is  less  dan- 
ger of  the  original  color  being  obscured  in  a  rock  with  a  smooth 
dressed  f ace,  than  in  one  with  a  rough  face.  On  the  other  hand, 
any  irregularity  in  color,  that  may  be  inherent  in  the  stone,  is 
emphasized  on  the  smooth  more  than  on  the  rough  dressed  face. 
These  imperfections  may  be  more  unsightly  than  the  discolora- 
tion occasioned  by  the  lodgment  of  smut  and  dust,  and  in  such  a 
case,  it  would  be  preferable  to  rough  dress  the  stone. 

There  are  many  other  variations  in  color  among  the  sedi- 
mentary rocks,  but  the  above  mentioned  are  the  principal  ones 
with  which  we  may  come  in  contact  in  our  study  of  Wiscon- 
sin building  stone. 

The  market  value  of  a  stone  is  often  influenced  by  its  color, 
without  regard  to  its  strength  and  durability.  The  market 
value  of  stone,  as  well  as  other  products,  is  controlled  by  the  law 
of  supply  and  demand.  The  supply  of  a  certain  kind  of  stone 
may  remain  constant,  but  the  demand  for  that  stone  may  fluctu- 
ate on  accoimt  of  fashion.  In  stone,  color,  as  a  rule,  is  the  only 
element  which  is  subject  to  the  influences  of  fashion.  Until  a 
few  years  ago  brown  stone  was  all  the  rage,  both  for  business 
blocks  and  residences,  but  the  eye  became  weary  of  gazing  at 
long  rows  of  somber  colored  buildings,  and  the  fashion  changed 
to  light  colored  stone,  where  it  now  rests,  awaiting  the  next  re- 
versal. Immense  quantities  of  light  colored  stone  are  now  be- 
ing used,  but  its  prestige  is  only  temporary.  The  tide  will 
swing  back  again  in  a  few  years,  and  it  is  to  be  hoped  that  the 
halt  will  be  made  at  a  place  where  the  use  of  neither  dark  nor 
light  colored  stone  will  be  supreme.  A  judicious  use  of  both 
will  serve  to  relieve  the  monotony  occasioned  by  long  rows  of 
somber  brownstone  buildings  or  the  dazzling  glare  of  white 
limestone  and  marble. 

In  our  large  cities,  other  things  being  equal,  the  permanence 
of  color,  considering  both  external  and  internal  causes,  ought 
to  be  a  factor  worthy  of  consideration  in  the  erection  of  flats  and 
residences,  but  it  scarcely  warrants  serious  attention  in  the  con- 
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struction  of  business  blocks.  A  white  limestone  or  marble 
structure,  erected  in  the  midst  of  the  business  portion  of  a  large 
city,  soon  loses  its  original  color,  becoming  gray  and  dingy 
from  the  smoke  and  dirt  that  fills  the  air.  If  the  limestone  is 
bituminous  and  contains  a  small  amount  of  oil,  it  will  be  certain 
to  collect  all  the  dust  and  smoke  which  chances  to  fall  upon  it. 
In  the  suburban  and  residence  parts  of  a  city  and  in  the  rural 
districts,  where  both  smoke  and  dust  have  little  effect,  the  orig- 
inal color  will  not  suffer  so  much  from  external  causes  alone. 
In  the  business  section  of  our  large  cities,  the  walls  of  all  the 
buildings  become  so  begrimed  with  smoke  and  dust  that  it  is 
barely  possible  to  tell  which  were  originally  constructed  out  of 
light  and  which  out  of  dark  colored  stone.  One  has  to  familiar- 
ize himself  with  the  different  shades  of  brown  and  gray,  char* 
acteristic  of  different  colored  stones,  after  they  have  been 
steeped  for  years  in  a  smoke  and  dust  laden  atmosphere,  in  or- 
der to  be  able  to  determine  their  original  color.  On  the  whole, 
the  darker  colored  stone  shows  much  less  than  does  the  light 
colored,  the  effects  of  the  smoke  and  dust.  It  is  true  that  long 
rows  of  brownstone  buildings  are  not  very  enlivening,  but  since 
all  buildings  generally  approach  this  color  after  a  few  years, 
without  respect  to  their  original  color,  this  has  little  weight  as 
an  argument  against  the  use  of  brownstone.  The  only  consid- 
eration in  the  selection  of  stone  to  be  used  in  the  business  por- 
tions of  a  large  city,  ought  to  be  one  of  strength  and  durability. 
In  the  residence  portions  of  a  city,  where  beauty  is  one  of  the 
chief  ends  of  architecture,  a  judicious  scattering  of  buildings 
constructed  out  of  light  and  dark  colored  stone,  adds  very  ma- 
terially, not  only  to  the  appearance  of  the  street  as  a  whole,  but 
also  to  the  beauty  of  the  dwellings  individually. 

Thus  far  the  discussion  of  color  has  pertained  solely  to  stone 
used  in  outside  constructional  work.  When  used  for  inside  or- 
namental purposes,  a  stone  does  not  suffer  materially  from  at- 
mospheric agencies,  and  the  color  will  ordinarily  remain  perma- 
nent. The  selection  of  stone,  then,  becomes  merely  a  question 
of  taste.  A  color  which  harmonizes  with  the  surroundings,  or 
matches  the  other  work,  is  generally  considered  most  appropri- 
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ate.  In  the  flooring  or  steps,  the  color  should  not  be  the  con* 
trolling  factor,  but  rather  the  capacity  which  the  stone  has  to 
withstand  abrasion,  and  the  tendency  which  it  has  to  become 
slippery. 

For  monumental  purposes  the  taste  of  the  purchaser  is  again 
the  main,  controlling  factor,  although  durability  should  be  first. 
The  stones  used  for  monuments  are  mainly  igneous  and  meta- 
morphic  (granite  and  marble),  and  should  not  contain  elements 
which  will  result  in  discoloration.  If  a  stone  contains  such 
elements  it  is  a  serious  defect  The  fact  that  most  of  the  water 
which  falls  on  a  granite  monument  is  shed  bv  its  polished  sur- 
faces, prevents  decomposition,  thereby  lessening  the  danger  of 
discoloration. 

In  the  more  common  uses  to  which  stone  is  put,  such  as  road 
making,  sidewalks,  retaining  walls,  cribs,  break-water,  bridge 
abutments,  etc.,  the  element  of  color  scarcely  enters.  In  the 
case  of  retaining  walls  and  sidewalks,  which  are  partially  orna- 
mental in  nature,  color  sometimes  enters  as  a  lesser  considera- 
tion. 

II.  EXTERNAL  CAUSES  OF  DECAY. 

In  the  selection  of  a  stone  for  any  purpose  a  consideration  of 
the  climatic  conditions  under  which  it  is  to  be  placed,  is  of  very 
great  importance.  A  uniform  climate  in  which  the  tempera- 
ture is  always  above  the  freezing  point  is  most  favorable  to  long 
life.  A  dry  climate  is  conducive  to  stability,  while  a  moist  or 
humid  atmosphere  promotes  decay.  A  stone  which  will  with- 
stand the  vicissitudes  of  a  moist,  temperate  climate,  where 
there  are  long  seasons  of  alternate  freezing  and  thawing,  short 
hot  smnmers  and  cold  winters,  must  be  of  the  most  enduring 
kind.  The  well  preserved  condition  of  the  monuments  of  Rome 
and  other  cities  of  the  Mediterranean  basin,  after  centuries  of 
exposure,  is  not  due  so  much  to  the  inherent  qualities  of  the 
stone  as  to  the  warm,  dry  atmosphere.  The  obelisk  of  Luxor, 
which  stood  for  centuries  in  Egypt  without  being  perceptibly 
affected  by  the  climate,   is  now  filled  with  small  cracks,  and 
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blanched,  after  but  forty  years'  exposure  in  Paris.^  The  same 
i8  true  of  the  obelisk  in  Central  Park,  New  York,  from  which 
many  poimds  of  small  fragments  have  fallen.^  So  rapid  was 
the  work  of  disintegration  that  it  became  necessary,  in  order  to 
secure  any  degree  of  preservation,  to  coat  the  obelisk  with  a 
preparation  of  paraffin  containing  creosote  dissolved  in  turpen- 
tine. 

The  external  forces  of  destruction  mav  ho  eonvcnientlv  con- 
sidered  in  two  classes,  those  that  produce  changes  through 
chemical  action  and  those  that  produce  changes  through  mechan- 
ical disintegration.  In  the  case  of  disintegration  the  adhesion 
between  the  particles,  or  the  cohesion  of  the  particles  them- 
selves, is  overcome,  and  the  rock  crumbles  into  sand  or  powder. 
In  the  case  of  chemical  changes,  the  identity  of  the  mineral 
particles  themselves  is  destroyed  by  the  minerals  being  broken 
up  into  other  compounds.  The  following  is  a  general  classifi- 
cation of  the  agents  of  disintegration  and  decomposition : 

I.      AGENTS    OF    MECHANICAL    DISINTEGBATION. 

A.  TEMPERATURE  CUANGES. 

(1)  Unequal  expansion  and  contraction  of  the  rocJc  or  its 
mineral  constituents. 

(2)  Expansion  and  contraction  of  the  included  water,  occa- 
sioned by  freezing  and  thawing. 

B.  MKCHAXICAL  ABRASION. 

(1)  Water. 

(2)  Wind. 
(S)  Feet. 

C.  GROWING   ORGANISMS. 

D.  MAN^S  IGNORANCE  AND  INCAUTIOUS   METHODS  OF 

WORKING    AND    HANDLING    STONE. 

'  A.  A.  Julien,  10th  Census,  Vol.  V.,  p.  370. 

*  Bulletin  N.  Y.  Museum,  Vol.  II.,  No.  10,  p.  385,  J.  C.  Smock. 
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n.     AGENTS    OF    CHEMICAL    DEOOMPOSITIOB'. 

A.  WATER SOLVENT  ACTION. 

B.  CA&BON  DIOXIDE. 

C.  SULPHUROUS  ACIDS. 

D.  ORGANIC  ACIDS. 

TEMPERATURE   CHANGES. 

Injury  to  a  stone  through  changes  in  temparture  are  occa- 
sioned in  two  ways:  (1)  By  the  unequal  expansion  and  contrac- 
tion of  the  rock  itself;  (2)  and  through  the  expansion  and  con- 
traction due  to  the  alternate  freezing  and  thawing  of  the  in- 
cluded water. 

Unequal  expansion  and  contraction  of  the  rock. 

It  is  well  known  that,  as  a  rule,  heat  expands  and  cold  con- 
tracts. The  heat  conductivity  of  stone  is  very  low.  A  stone  a 
few  inches  in  thickness  may  be  heated  on  one  side  to  a  tempera- 
ture suflSciently  high  that  it  will  not  bear  handling,  while  on  the 
other  side  the  stone  may  be  comparatively  cold.  The  actual  ex- 
pansion of  different  kinds  of  stone  has  been  experimentally  de- 
termined by  W.  H.  Bartlett,^  in  which  he  obtained  the  follow- 
ing results : 

Granite  .000004825  in.  per  foot  for  each  degree  F. 

Marble  .000005668  in.  per  foot  for  each  degree  F. 

Sandstone  .000009532  in.  per  foot  for  each  degree  F. 

The  diurnal  changes  in  temperature  in  this  latitude  are  often 
as  much  as  50°  F.,  while  the  annual  variation  in  temperature 
exceeds  150°  F.  A  difference  of  150°  F.  would  make  a  differ- 
ence of  one  inch  in  a  sheet  of  granite  100  feet  in  diameter. 

Each  mineral  of  which  a  stone  is  composed  has  a  different 
rate  of  expansion.  The  igneous  rocks,  it  will  be  remembered, 
are  composed  of  several  different  minerals,  while  each  sedimen- 
tary consist  mainly  of  one.  The  constituents  of  the  former  are 
interlocking,  while  those  of  the  latter  are  usually  united  by  a 

1  American  Journal  of  Science,  Vol.  XXII.,  1832,  p.  136. 
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thin  coat  of  cementing  material.  For  these  reasons  the  unmodi- 
fied sedimentary  rocks  are  usually  less  injured  by  the  diurnal 
changes  in  temperature.  Whenever  a  stone  is  heated  each  par- 
ticle will  press  unequally  against  its  neighbor  with  almost  irre- 
sistible force.  When  it  is  cooled  stresses  are  set  up,  due  to  con- 
traction, which  tend  to  pull  the  individuals  apart.  In  this 
manner  forces  are  constantly  at  work  in  the  superficial  part  of 
the  rock,  tending  to  separate  the  superheated  stratum  from  the 
cooler  portions  below.  Likewise,  due  to  the  inequalities  in  the 
rate  of  expansion  in  the  different  mineral  particles,  stresses  are 
initiated,  in  rocks  having  a  heterogeneous  composition,  which 
tend  not  only  to  rupture  the  individuals  but  also  to  separate 
them  from  their  neighbors.  The  final  result  of  these  alternat- 
ing temperatures,  besides  weakening  the  rock,  is  to  produce 
small  cracks  or  joints  into  which  water  may  percolate  or  roots 
descend. 

The  entrance  of  water  and  roots  materially  hastens  the  work 
of  destruction  already  begun.     But   investigation  shows,   that 
very  great  work  is  accomplished  simply  through  expansion  and 
contraction  due  to  diurnal  temperature  changes  without  the  aid 
of  water  or  roots.  Merrill,  in  his  ^llock  Weathering,"  cites  an  in- 
stance in  Montana  where  he  found  "along  the  slopes  and  valley 
bottoms  numerous  fresh,  concave,  and  convex  chips  of  andesitic 
rock,  which  were  so  abundant  and  widespread  as  to  be  accounted 
for  only  by  the  diurnal  temperature   variations.     During  the 
day  the  rocks  became  so  highly  heated  as  to  become  uncomfort- 
able to  the  touch,  while  at  night  the  temperature  fell  nearly  to 
the  freezing  point.  "^      Livingstone  reports  the  temperature  ol 
rock  surfaces  in  Africa  to  rise  as  high  as  137°  F.  in  the  day, 
and  cool  off  so  rapidly  by  night  as  to  split  off  blocks  weighing 
as  much  as  200  pounds.      The  expansive  force  of  heat  is 
well  shown  in  many  of  the  limestone  quarries  of  Wisconsin, 
where  beds  from  5  to  6  inches  in  thickness  are  for  the  first 
time  exposed  to  the  heat  of  a  summer^s  sun.      These  thin  beds 
become  heated  throughout  their  entire  thickness  and  arch  up  on 

^Bocka,  Rock  Weathering  and  Soils,  p.  181,  Geo.  P.  Merrill. 
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the  floor  of  the  quarry,  generally  breaking  and  completely  de- 
stroying the  stone. 

Many  buildings  show  the  effect  of  weathering  on  the  side  ex- 
posed to  the  direct  rays  of  the  sun,  while  the  sheltered  side  re- 
mains uninjured.  The  only  rational  explanation  for  this  is 
found  in  the  effects  of  temperature  changes.  The  movements 
due  to  temi)erature  changes  are  necessarily  small,  but  after  cen- 
turies of  time  they  must  invariably  result  in  the  weakening  and 
final  disintegration  of  the  stone. 

Expansion  and  contraction  of  included  water  through  freezing 

and  thawing. 

The  effects  of  temperature  changes,  described  above,  are  little 
when  compared  with  the  action  of  continued  freezing  and  thaw- 
ing on  a  rock  saturated  with  water.  The  expansive  force  of 
freezing  water  is  graphically  described  by  Geikie  as  being  equal 
to  the  weight  of  a  column  of  ice  a  mile  high,  or  a  little  less  than 
150  tons  to  the  square  foot.  One  centimeter  of  water  at  0*^  C. 
occupie3  1.0908  cm.  in  the  form  of  ice  at  O^C.  It  is  this  expan- 
sion of  about  one-tenth  that  does  the  damage  when  confined 
water  solidifies. 

Water  finds  its  way  into  the  rocks  through  openings  or  hollow 
spaces  which  are  everywhere  present.  These  spaces,  which  are 
all  connected  in  such  a  manner  as  to  allow  the  water  to  flow  from 
one  part  to  another,  have  been  divided,  for  convenience,  into 
three  classes.  The  first  class  consists  of  small  interspaces  that 
exist  between  the  grains  in  the  rock,  knowTi  as  pore  spaces ;  the 
second  class  consists  of  those  openings  in  the  shape  of  sheets 
which  form  along  bedding,  jointing,  and  fissile  planes ;  the  third 
class  are  those  openings,  caused  by  the  removal  of  several  or 
many  of  the  individual  grains,  commonly  known  as  cavities, 
caves,  or  caverns. 

We  will  first  consider  the  relation  of  the  interspaces,  known 
as  pores,  to  the  durability  of  the  rock.  Ordinarily,  the  pores 
are  conceived  of  as  being  connected  so  as  to  form  irregular 
shaped  tubes.     Xaturally  they  differ  very  greatly  in  size,  de- 
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pending  upon  the  fineness  of  the  particles  composing  the  rock 
and  the  extent  to  which  the  interstices  have  been  filled  with  sec- 
ondary mineral  matter.  In  the  same  rock  the  pores  are  never 
all  of  the  same  size,  but  have  simply  a  general  correspondence  in 
size.  The  pore  spaces  are  classified  according  to  size  into  capil- 
lary and  subcapillary.^  The  capillary  pores  are  the  larger  and 
the  water,  which  they  hold,  is  known  as  the  water  of  saturation. 
Openings  included  in  this  class  are  over  .00002  centimeter  in 
diameter.^  If  a  rock  containing  capillary  pores  is  allowed  to 
darin  off  naturally  a  portion  of  the  water  will  escape  but  an- 
other portion  will  remain  which  is  known  as  the  water  of  imbibi- 
tion. The  sub-capillary  pores  are  conceived  to  be  of  such  a  size, 
smaller  than  .00002  centimeter  in  diameter,  as  to  contain  only 
the  water  of  imbibition. 

All  the  water  contained  in  the  pores  of  a  rock  is  known  by 
quarrymen  as  quarry  water.  The  water  of  saturation  is  given 
off  with  comparative  readiness,  while  the  water  of  imbibition  is 
retained  with  great  tenacity.  And  the  nearer  the  pores  ap- 
proach those  of  sub-capillary  size,  the  greater  is  the  ten- 
acity with  which  the  water  is  retained  in  the  rock.  From  the 
above  one  can  readily  understand  how  the  particles  composing  a 
rock  may  be  so  small  and  closely  fitted  together,  that  the  pores 
will  be  mainly  of  sub-capillary  size.  In  such  a  rock  the  in- 
cluded water  will  be  given  off  very  slowly,  and  the  attendant 
dangers  from  freezing  will  be  increasingly  great.  Further,  it 
may  be  said  that  the  dangers  from  freezing  will  be  increasingly 
great  as  the  pores  approach  in  size  those  of  the  sub-capillarv  di- 
mensions. 

The  percentage  of  pore  space  will  also  condition  the  extent  of 
injury  from  freezing.     It   should  be  kept  in  mind,  in  this  con- 
nection, that  a  fine  and  a  coarse  grained  rock,  in  one  of  which 
the  interstices  are  verv  minute  and  in  the  other  of  which  thev 
are  much  larger,  may  have  the  capacity  to  absorb  equal  amounts 
of  water.    Of  tsvo  equally  saturated  rocks,  one  with  10  per  cent. 

* Metamorphism  of  Rocks  and  Rock  Flowage,  by  C.  R.  Van  flise,  Bulle- 
ttn  of  the  Geological  Society  of  America,  Vol.  9,  p.  272. 
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and  the  other  with  3  per  cent,  of  pore  space,  in  which  the  pores 
are  of  equal  size,  the  former  will  be  in  the  greater  danger  of 
freezing.  The  percentage  of  the  pore  space  that  is  filled  with 
water  will  also  condition  the  results  of  freezing.  If  two-thirds 
of  a  rock  is  saturated  more  injury  will  result  fiom  its  freezing 
than  if  only  one-third  were  saturated.  If  none  of  the  pores  are 
more  than  9-10  filled  with  water,  the  eflFect  of  freezing  will 
be  nothing,  because  the  increased  bulk  will  no  more  than  fill  the 
spaces  between  the  grains. 

The  amount  of  water  contained  in  the  pores  at  a  given  time 
depends,  of  course,  upon  the  amount  of  water  initially  absorbed, 
the  time  that  has  elapsed  since  absorption,  the  condition  of  the 
atmosphere,  and  size  of  the  pores.  In  the  walls  of  a  building 
it  is  only  in  exceptional  cases  that  the  stone  is  saturated,  but 
when  it  is,  the  water  of  saturation  is,  as  a  rule,  quickly  removed, 
except  in  the  lower  courses  below  the  water  line,  provided  the 
pores  are  of  greater  than  sub-capillary  size.  It  would  appear 
from  the  above,  that  the  most  important  factor  in  estimating 
the  danger  from  freezing  and  thawing,  is  the  rapidity  with 
which  the  rock  gives  up  its  included  water,  which  depends,  as 
stated  above,  mainly  upon  the  size  of  the  pore  spaces.  The  sec- 
ond factor  of  importance  is  the  amount  of  water  contained  in 
each  of  the  pores  at  the  time  of  freezing.  Third  and  last  in  im- 
portance is  the  total  amount  of  pore  space.  The  higher  the  per- 
centage of  pore  space,  provided  the  pores  are  of  the  same  size 
and  the  degree  of  saturation  be  equal,  the  greater  the  danger 
from  freezing. 

T.  S.  Hunt,  in  "Chemical  and  Geological  Essays,"  says: 
''Other  things  being  equal,  it  may  properly  be  said  that  the 
value  of  a  stone  for  building  purposes  is  inversely  as  its  porosity 
or  absorbing  power."  This  statement  has  been  quoted  by  var- 
ious authorities  among  whom  may  be  mentioned  T.  C.  Hopkins, 
who  says,  in  his  report  on  the  Pennsylvania  Brownstones  :^ 
"Other  things  being  equal,  the  more  porous  the  stone  the  greater 


'  Appendix  to  Ann.  Kept,  of  Penn.  State  College  for  1896,  Brownstooest 
p.  28,  T.  C.  Hopkins. 
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the  danger  from  frost."  Following  these  and  other 
writers  the  mistake  has  often  been  made  of  estimating  the  dan* 
ger,  from  freezing,  by  the  capacity  which  a  stone  has  to  absorb 
water.  Likewise  the  capacities  which  two  stones  have  to  with- 
stand weathering  are  constantly  being  compared  from  the 
standpoint  of  their  ratios  of  absorption.  Such  estimates  and 
comparisons  are  very  misleading,  for  one  should  not  only  know 
the  capacity  which  a  stone  has  to  absorb  water,  but  he  should, 
above  all,  know  the  size  of  the  pores.  As  shown  above,  the  lat- 
ter factor  is  of  much  greater  importance  than  the  former. 

The  injurious  effects  of  the  freezing  and  thawing  of  the 
"quarry  water''  has  long  been  known  to  contractors,  who  gener- 
ally refuse  to  accept  stone,  especially  sandstone,  which  has  been 
exposed  to  the  action  of  freezing  before  being  seasoned.  Where 
it  is  possible,  quarrymen  sometimes  flood  their  quarry  during 
the  winter  months,  in  order  to  protect  the  stone  immediately  at 
the  surface. 

The  second  class  of  openings,  those  formed  along  bedding, 
jointing,  and  fissile  planes,  permit  a  freer  circulation  of  water 
than  the  pores  in  the  rock.  Professor  G.  R.  Van  Hise  has  also 
classified  these  openings  as  capillary  and  sub-capillary,  includ- 
ing in  the  latter  all  sheet  passages  of  less  than  .00001  centimeter 
in  thickness.^  After  an  abundant  fall  of  rain,  when  the  snow 
melts  in  the  spring  the  cracks  and  crevices  in  the  rocks  cannot 
carry  away  the  water  nearly  as  rapidly  as  it  collects  in  depres- 
sions at  or  near  the  surface,  allowing  abundant  time  for  the 
temperature  to  fall  below  the  freezing  point.  If  the  tempera- 
ture is  flunctuating  between  freezing  and  thawing,  the  water 
will  be  alternately  in  a  liquid  and  solid  state.  In  a  solid  state, 
the  water  requires  more  room  than  in  the  liquid,  and  for  this 
reason  the  walls  of  the  crack  or  crevice  in  which  the  water  has 
collected,  are  shoved  f rather  apart  by  the  freezing  of  the  water. 

Not  only  will  the  cracks  and  crevices  become  very  much  en- 
larged and  expanded  through  the  stresses  exerted  by  the  expan- 
sion of  the  water  but  the  stone  will  also  be  materially  weak- 

'Metamorphism  of  Rocks  and  Rock  Flowage,  C.  R.  Van  Hise,  Bulletin 
of  the  (Geological  Society  of  America,  Vol.  9,  p.  272. 


24  TMK    BUILDIXG   STONK.^    OF    WJSCONSJX. 

eued.  The  process  may  begin  with  an  infinitesinially  small 
crack  in  which  the  water  has  foimd  lodgment  for  the  first  time. 
The  temperature  lowers,  the  water  freeze.'^,  and  upon  the  melt- 
ing of  the  ice  the  crack  will  be  foimd  to  have  widened.  Repeat 
the  }>rocess  and  the  crack  will  open  still  wider.  If  the  process 
is  continued  the  two  walls  of  the  rock  will  finally  be  shoved  so 
far  apart  thnt  the  water  is  no  longer  retained.  The  ice  acts  as 
«  wedge  which  automatically  adjusts  itself  to  the  size  of  the 
crack,  until  the  opening  is  sufficiently  wide  and  deep  to  allow 
tlie  free  passage  of  the  water. 

Alternate  freezing  and  thawing  of  the  included  water  has 
been  one  of  the  most  potent  causes  for  the  decay  of  building 
stone.  Especially  is  this  true  of  that  stone  which  is  bedded  or 
otherwise  laminated.  The  most  disastrous  results  from  this 
cause  have  been  obser\''ed  in  stone  which  has  been  placed  in  walls 
without  being  properly  seasoned,  and  where  stone  is  laid  on  edge 
instead  of  on  the  bed.  In  the  first  case  the  stone  is  materially 
weakened  throughout  by  freezing,  while  in  the  latter,  exfolia- 
tion or  scaling  is  liable  to  ensue.  The  most  trying  place  in  a 
building,  in  which  to  place  a  stone,  is  at  the  "water  line,"  where 
saturation  is  most  common  and  the  greatest  alternations  of 
freezing  and  thawing  occur.  The  conditions  are  most  severe  in 
the  case  of  bridge  abutments  and  retaining  walls  than  else- 
where. In  bridge  abutments  one  often  finds  the  course  of 
stone,  at  the  level  of  the  water,  badly  shelled  and  broken,  while 
the  remaining  courses  are  scarcely  injured.  It  is  not  uncom- 
mon to  obser\'e  all  the  courses  of  a  retaining  wall  in  a  dilapi- 
dated condition  after  it  has  been  built  a  comparatively  few 
years.  When  the  snow  melts  in  the  spring  the  water  sinks  into 
the  ground  and  issues  through  every  crack  and  crevice  in  the 
wall.  As  it  collects  in  these  places  it  freezes  and  wedges  apart 
the  lamina*  of  the  rocks. 

The  danger  from  parting  planes  due  to  the  collecting  and 
freezing  of  water,  must  not  be  confused  with  the  danger  attend- 
ant upon  the  freezing  of  water  which  fills  the  pores  of  the  rock. 
The  bedding  and  other  parting  planes  that  are  ordinarily  pres- 
ent in  sedimentarv  rocks,  mav  collect  and  retain  water  in  a  suf- 


MECHANICAL   ABRASION.  25^ 

ficient  amount  to  materially  injure  the  stone,  if  frozen.  Ig- 
neous rocks  also,  occasionally,  have  fissile  or  schistose  planes,  on 
account  of  which  they  are  subject  to  the  same  danger.  The 
compact  thoroughly  homogeneous  rocks,  without  bedding  or 
other  parting  planes,  whether  sedimentary  or  igneous,  are  in 
less  danger  from  freezing  than  those  in  which  these  structures 
exist. 

Because  the  sedimentary  rocks  most  frequently  have  parting 
planes  they  are  as  a  class  more  apt  to  suffer  from  the  freezing  of 
the  water  which  collects  along  these  planes,  than  are  the  igneous 
rocks.  .  On  the  other  hand  they  nuiy  be  as  free  from  these 
planes  as  the  igneous  rocks,  and  accordingly  in  as  little  danger 
from  freezing.  Further  it  has  been  shown  above,  that,  ordinar- 
ily, a  rock  with  relatively  large  pore  spaces,  is  in  less  danger 
from  the  freezing  of  the  interstitial  water  than  one  in  which  the 
pores  are  very  small.  This  leads  directly  to  the  conclusion 
that  an  ordinarily  well  cemented  sandstone,  which  is  free 
from  parting  planes  or  stratification,  and  in  which  the  per- 
centage of  pore  space  may  be  high,  but  the  size  of  the  pores 
large,  is  best  suited  to  withstand  alternate  freezing  and  thaw- 
ing, when  placed  in  the  wall  of  a  building.  It  is  assumed,  of 
course,  that  the  original  strength  of  the  stone  is  sufficient  for  the 
position  which  it  occupies  in  the  wall. 

The  third  class  of  openings, — caves,  caverns,  and  cavities, — 
need  not  occupy  our  serious  attention.  Cavities  occasionally 
occur  in  both  the  sedimentary  and  igneous  rocks  used  as  build- 
ing stone,  but  mainly  in  the  former.  They  are  not  known  to 
occasion  injury  by  the  freezing  of  the  water  that  may  collect  in 
them,  but  they  slightly  weaken  the  rock  and  often  occasion  a 
roughness  of  the  face,  when  they  occur  on  the  surface.  The 
cavities  are  also,  occasionally,  partly  filled  with  impurities, 
which  may  injure  the  rock,  through  their  capacity,  either  for 
discoloration  or  decomposition. 

MECHANICAL  ABRASION. 

One  of  the  most  important  agents  of  disintegration  in  nature 
is  mechanical  abrasion.     The  role  which  it  plays  in  the  destruc- 


26  THE   BUILDING   STONES   OF   WISCONSIN. 

tion  of  artificial  structures  is  not  nearly  as  important  as  that  of 
certain  other  agents. 

Mechanical  abrasion  is  accomplished  mainly  by  wind  and 
running  water  which  work  in  conjunction  with  all  the  other 
agents  of  disintegration.  The  manner  in  which  these  agents  ac- 
complish their  work  of  wearing  away  the  land,  is  well  known. 
In  like  manner  the  beating  of  the  rain  against  a  stone  wall  may 
overcome  the  adhesion  between  the  rock  particles,  separate  them 
from  one  another,  and  carry  them  away.  These  particles  may, 
in  turn,  as  they  are  carried  do^vn  the  side  of  the  building,  wear 
off  other  particles  with  which  they  come  in  contact.  In  the 
arid  regions  of  the  west  where  sand  storms  take  the  place  of  rain 
storms,  the  rocks  are  carved  into  the  most  fantastic  shapes  by 
the  drifting  sand.  The  action  is  analogous  to  that  of  an  end- 
less file,  which  slowly  but  surely  works  its  way  through  huge 
pedestals  of  rock.  The  work  accomplished  is  a  maximum  near 
the  surface  and  decreases  as  one  proceeds  upward.  Houses  and 
other  buildings  in  the  temperate  climate  of  Wisconsin  are  worn 
but  very  little  by  drifting  sand.  This  agent  contributes  an  al- 
most insignificant  part  to  the  whole  process  of  disintegration  in 
this  state.  J.  C.  Smock,^  in  his  report  on  the  building  stone  of 
New  York,  mentions  the  fact  that  the  ground  glass  character 
of  many  of  the  window  panes  in  some  of  the  older  houses  of 
Nantuckett  are  due  to  driven  sand.  The  windward  side  of 
many  of  the  monuments  in  the  older  eastern  cemeteries  has  lost 
its  polish,  while  in  some  cases  even  the  lettering  has  been  de- 
stroyed, by  this  same  agent.  Where  the  cemeteries  of  Wiscon- 
sin are  situated  in  sandy  regions,  the  monuments  are  already  be- 
ginning to  show  the  effects  of  wind  blown  sand.  The  polish 
has  been  dulled  and  the  lettering  is  becoming  indistinct 

Besides  being  subject  to  the  abrasive  action  of  wind  and  rain, 
stone  is  often  used  in  places  where  it  is  abraded  by  thousands 
of  feet  passing  over  its  surface.  There  is  a  great  difference  in 
the  capacity  which  different  stones  possess  to  withstand  abra- 
sion. The  steps,  leading  up  to  the  main  entrances  to  the  Capi- 
tol building  at  Madison,  show  very  strikingly  the  effect  of  foot- 

>Bull.  of  the  N.  Y.  MuBeum,  Vol.  II.,  No.  10,  p.  386. 
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abrasion.  Sidewalks,  pavements,  and  steps  may  be  seen  in 
every  city,  which  are  more  or  less  worn  by  the  constant  shuffling 
of  feet  over  their  surfaces. 

GROWING  ORGANISMS. 

It  is  a  very  common  occurrence  to  find  lichens  and  algae  cover- 
ing the  surface  of  the  rock  in  a  natural  exposure.  Trees  may 
also  be  observed  sending  their  roots  deep  into  the  crevices  and 
•cracks  of  the  rock,  and  by  their  growth  and  expansion  huge 
blocks  are  often  broken  from  the  parent  mass.  In  some  of  the 
softer  rocks  where  apparently  no  joints  exist  the  writer  has  ob- 
served the  finer  rootlets  ramifying  through  the  body  of  the  rock 
itself.  The  fine  roots  penetrating  the  rock  tend  to  destroy  the 
adhesion  which  binds  the  particles  together,  and  in  this  maimer, 
after  many  years,  a  rock  mass  may  be  reduced  to  fragments. 
The  decaying  plants  give  off  organic  acids  which  also  aid  in  the 
xiecomposition  of  the  rock. 

The  surface  of  a  rock  is  often  almost  entirely  covered  with 
fungi  or  algae  which  are  attached  almost  inseparably  to  the  rock. 
The  most  common  form  of  plant  growth  occurring  thus  is  what 
ifc  known  as  the  lichen.  Lichens  have  a  protective  as  well  as  a 
■destructive  influence.  They  often  cover  the  surface  of  the  rock 
after  the  manner  of  a  mat,  protecting  it  against  the  atmospheric 
agents  tending  to  decompose  it.  The  acids  formed  by  their  de- 
<5ay  and  the  mechanical  effects  of  their  rootlets  penetrating  be- 
tween the  grains  are  a  cause  of  the  distintegration  of  the  rock. 
Algse  also  grow  on  the  exposed  surface  of  a  rock  and  often  occur 
on  the  damp  parts  of  a  wall  occasioning  discoloration,  through 
decay  and  the  lodgment  of  fine  dust  particles.  Some  of  the 
buildings  in  Wisconsin  constructed  out  of  imported,  soft  red 
sandstone,  are  discolored  by  the  growth  of  an  abundance  of 
green  algsp,  which  is  a  very  material  objection  to  the  use  of  such 
stone. 

English  ivy,  climbing  over  the  ruins  of  ancient  buildings, 
sends  rootlets  into  every  crevice  and  cranny  of  the  walls  and 
thereby  increases  the  rate  of  disintegration.  The  effect  of  al- 
lowing creeping  vines  such  as  ivy,  to  cover  the  walls  of  buildings. 
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may  be  picturesque,  but  the  practice  is  certainly  injurious  ta 
the  life  of  tlie  j^tone. 

man's  kjnokaxce  and  negligence. 

The  nutural  forces  of  destruction  have  been  very  greatly  ac- 
celerated, eitlier  through  tlie  ignorance  of  quarr>Tnen  and  their 
total  disregard  for  proper  time  and  methods  of  quarrying,  or 
through  the  carcdossness  of  workmen  in  cutting,  carving,  and 
lavino;  the  stone  used  in  build injjr  construction.  There  are 
probably  thousands  of  buildings,  constructed  out  of  stone,  the 
lives  of  which  have  been  shortened  at  least  one-half  by  improper 
methods  (►f  handling,  ilany  of  the  once  handsome  and  impos- 
ing structures  of  New  York,  Boston,  and  other  large  cities,  after 
but  a  century  of  exposure  to  the  atmosphere,  are  in  a  helpless 
state  of  decay.  This  is  certainly  not  due  entirely  to  the 
handling  and  sotting  of  the  stone,  but  any  inherent  weakness  in 
the  stone  has,  nevertheless,  been  augmented  thereby.  Certain 
kinds  of  building  stone  unless  they  have  been  thoroughly  sea- 
soned, are  more  injured  by  freezing  than  others.  I  have  pre- 
viously mentioned  the  resistless  pressure  exerted  by  water  when 
it  passes  from  the  liquid  to  the  solid  state.  It  is  sufficient  to  say 
that  there  are  many  instances  where  the  freezing  of  a  stone,  sat- 
urated with  water,  before  it  has  been  seasoned,  has  largely  de- 
stroyed its  usefulness.  Where  the  pressure  occasioned  by  the 
freezing  of  the  interstatial  water  is  not  sufficient  to  completely 
shatter  the  rock,  it  often  loosens  the  individual  grains  in  such  a 
manner  as  very  materially  to  lessen  its  strength.  When  such 
blocks  are  ])laced  in  the  wall  of  a  building,  they  become  weak 
spots,  where  disintegration  is  most  rapid.  It  is  necessary  that 
at  least  the  water  of  saturation  be  driven  off  before  the  rock  is 
used  in  the  construction  of  a  building.  As  a  rule,  quarrymen 
are  acquainted  with  the  effects  of  frost  upon  stone  which  has  not 
been  seasoned,  and  observe  the  necessary  precautions.  But 
there  are  (|uari-ymen,  interested  solely  in  the  disposition  of  their 
stock,  who  ini] K)se  upon  the  ignorance  of  the  public  by  selling 
stone  which  has  7iot  been  seasoned,  and  which  is,  therefore,  unfit 
for  use.   Sti^nes  should  be  seasoned  not  only  to  escape  the  danger 
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of  freezing,  but  on  general  principles  it  should  always  be  thor- 
oughly seasoned  before  being  placed  in  the  wall.  Men  do  not 
build  houses  out  of  green  lumber,  neither  should  they  construct 
them  out  of  **green"  stone. 

Improper  methods  of  quarrying  also  materially  shorten  the 
life  of  stone.  In  many  instances  I  have  found  quarrymen  mov- 
ing stone  wuth  heavy  charges  of  powder,  or  even  dynamite,  ex- 
pecting to  obtain  dimension  stone  for  building  purposes.  The 
heavy  charges  of  powder  not  only  destroy  a  large  amount  of  the 
stone,  but  they  also  impair  the  blocks,  which  may  accidentally 
remain  in  sufficiently  large  dimensions,  by  shattering  the  cement 
and  producing  incipient  joints.  The  destruction  of  the  cement 
and  the  production  of  incipient  joints  not  only  weaken  the 
rock,  but  also  facilitate  the  entrance  of  water,  with  the  attend- 
ant dangers  from  freezing,  with  which  w^e  are  already  familiar. 
This  method  of  quarrying  not  only  materially  lessens  the  value 
of  the  salable  stone  but  hundreds  of  tons  of  otherwise  market- 
able stone  is  absolutely  destroyed. 

So  far  as  is  practicable,  when  quarrying,  advantage  should  be 
taken  of  the  natural  joints  in  the  rocks,  ilany  of  the  quarries 
are  traversed  by  planes  of  parting,  by  which  the  rock  is  broken 
into  polygonal  blocks  of  such  dimensions  as  to  be  easily 
quarried.  Whenever  blasting  becomes  necessary,  the  Knox 
system  of  small  charges,  properly  distributed,  is  by  far  the  pref- 
erable method  to  employ.  This  method  is  not  free  from  all  the 
evils  of  blasting,  but  is  the  least  injurious  of  any  method  yet 
employed.  A  still  better  method  of  reducing  the  stone  to  dimen- 
sions that  can  be  easily  handled,  is  by  the  use  of  the  channeling 
machine.  Especially  in  working  sandstone  and  soft  limestone, 
this  machine  can  be  employed  to  advantage. 

The  use  of  heavy  hammers  and  sledges  in  splitting  the  stone, 
by  striking  continuously  along  one  line,  shortens  the  life  of  the 
stone  in  the  same  manner  as  heavy  blasting,  by  producing  incip- 
ient joints  and  loosening  the  individual  grains  by  cracking  the 
cement.  Much  care  should  be  exercised  in  quarrying  stone  in 
order  to  prevent  these  unnecessary  injuries.  Nevertheless, 
considering  the  carelessness  with  which  stone  has  been  quarried 
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in  the  past,  it  is  not  so  much  a  wonder  that  the  walls  of  certain 
buildings  are  so  soon  beginning  to  crumble  as  it  is  that  they 
have  not  decayed  long  ago. 

The  time  of  cutting  and  dressing  a  stone  may  also  influence 
in  a  small  way  its  life.  It  is  generally  known  that,  during  the 
process  of  seasoning,  the  water,  which  comes  from  within  the 
rock  and  is  evaporated  at  the  surface,  deposits  mineral  matter 
which  forms  a  crust  on  the  surface  of  the  stone.  This  crust 
may  be  formed  entirely  by  the  evaporation  of  the  original  in- 
terstitial water,  or  it  may  be  added  to  by  water  which  has 
soaked  into  the  stone  at  a  later  period  and  been  subsequently 
brought  to  the  surface.  That  water  which  has  been  called  the 
water  of  imbibition,  probably  carries  a  much  larger  percentage 
of  mineral  matter  in  solution  than  the  water  of  saturation. 
The  water  of  imbibition  is  the  last  of  the  quarry  water  to  leave 
the  stone  and  therefore  the  crust  is  not  likely  to  be  well  formed 
until  the  rock  has  been  thoroughly  seasoned.  If  the  stone  is 
to  be  seasoned  before  being  placed  in  the  wall,  it  is  advantageous 
to  have  it  first  cut,  dressed,  and  carved.  Not  only  is  it  advanta- 
geous to  observe  this  rule  from  the  standpoint  of  future  dura- 
bility, but  also  from  the  fact  that  the  stone  often  works  much 
more  readily  when  first  quarried,  than  it  does  after  it  has  been 
seasoned.  After  a  crust  has  once  formed  on  the  stone  it  should 
not  be  broken,  because  the  softer  rock  underneath,  when  exposed 
at  the  surface,  will  disintegrate  much  more  rapidly.  For  these 
reasons,  stone  should  be  worked  and  finished  ready  for  laying 
in  the  w^all,  before  it  has  become  thoroughly  seasoned. 

The  manner  of  dressing  a  stone  also  influences  in  a  small 
way  the  length  of  its  life.  A  stone  which  has  polished  sur- 
faces, sheds  water  much  more  quickly  and  is  disintegrated 
much  more  slowly,  than  a  stone  with  a  rough  surface.  The 
stone  with  a  rough  surface  has  many  crannies  and  crevices  in 
which  the  water  collects.  Part  of  the  water  thus  collected  is 
finally  absorbed  by  the  rock.  It  often  carries  with  it  carbonic, 
sulphuric,  or  other  acids  which  aid  in  the  decomposition  of  the 
stone.  The  addition  of  water  also  increases  the  danger  from 
freezing. 
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Sandstone  that  has  been  hammer  dressed,  is  liable  to  disin- 
tegrate faster  than  that  which  has  been  sawed.  This  is  due  to 
a  shattering  of  the  cement,  by  the  impact  of  the  hammer,  in 
those  that  are  hammer  dressed.  No  matter  how  careful  the 
workman  may  be,  there  is  a  tendency  in  dressimr  stone  with  a 
hammer  to  produce  incipient  cracks  which  are  passageways  for 
the  entrance  of  water  from  the  surface.  In  general  it  may  be 
said  that  polished  and  sawn  surfaces  shed  water  most  readily, 
while  the  rock  faced  and  hammer  dressed  stones,  on  account  of 
their  rough  exterior,  absorb  a  considerably  larger  percentage 
of  the  water  which  falls  on  their  surfaces. 

The  exfoliation  of  sandstone  in  the  large  Eastern  cities  has 
been  mainly  attributed  to  the  fact  that  much  of  the  stone  has 
been  laid  on  edge  instead  of  on  the  bed.  Laying  stone  on  edge 
in  the  wall  has  been  practiced  at  all  times,  owing  to  the  greater 
readiness  with  which  it  dresses  along  the  bed  than  across  it. 
The  stratified  or  schistose  rocks  as  a  result  of  the  lamination  are 
often  weaker  on  edge  than  upon  the  bed.  The  lamination  in- 
creases the  facility  of  dressing  the  stone  along  the  bed,  whereby 
the  cost  of  working  is  materially  lessened.  The  greatest  ten- 
dency to  lay  stone  on  edge  is  encountered  in  veneer  work.  It 
is  seldom  met  with  in  heavy  masonry. 

It  has  been  shown  that  parting  planes  ordinarily  furnish  the 
easiest  paths  for  percolating  waters.  If  these  planes  are  per- 
pendicular to  the  surface  of  the  earth,  they  will  admit  the  pas- 
sage of  water  much  more  readily  than  if  they  are  horizontal. 
Thus  if  a  block  of  stone  is  placed  on  edge  in  a  wall,  there  will 
be  greater  danger  from  the  freezing  of  the  included  water  and 
from  the  superincumbent  pressure,  than  if  it  were  laid  on  the 
bed.  In  case  the  stone  is  laid  on  edge,  the  pressure  required 
to  split  off  a  lamina  will,  ordinarily,  be  much  less  than  if  the 
stone  is  laid  on  the  bed.  In  the  former  case,  the  force  occa- 
sioned by  the  freezing  of  the  water,  which  collects  between  the 
layers,  is  augmented  by  the  superincumbent  pressure  of  the 
wall.  Where  the  stone  is  laid  on  the  bed,  the  water  is  less  apt 
to  penetrate  along  the  parting  planes,  and  even  though  it  should 
tirculate  equally  freely   in  this   position,  the  superincumbent 
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pressure  of  the  wall  would  tend  to  force  the  expansion  in  direc- 
tions parallel  to  the  bedding. 

Furthermore,  when  the  stone  is  laid  on  edge  the  differ- 
ences in  texture  of  the  various  lamina?  are  much  more  strik- 
ingly emphasized  than  where  the  stone  is  laid  on  the  bed.  This 
method  of  laying  produces  a  difference  in  the  rate  of 
weathering  of  the  different  blocks  as  a  whole,  instead  of  the 
minor  inequalities  of  weathering  ordinarily  shown  by  the  dif- 
ferent laminir,  when  the  block  is  laid  on  the  bed.  In  any  case, 
w^eathering  results  in  intensifying  the  stratification  planes. 

One  ought  to  scrupulously  avoid  laying  any  stone  which 
shows  stratification  or  schistosity,  on  edge,  in  important  struc- 
tures, for  the  reason,  that  in  this  position  it  is  inherently 
weaker  and  permits  a  more  ready  absorption  of  water,  with 
the  attendant  dangers  from  alternate  freezing  and  thawing. 
So  persistent  has  been  this  evil  of  laying  stone  on  edge,  in  all 
parts  of  the  country,  that  a  man  who  has  stone  which  he  desires 
to  place  upon  the  market,  but  which  shows  a  tendency  to  scale 
in  old  buildings,  likes  to  take  refuge  in  saying,  that  "that  par- 
ticular stone  w^hich  shows  exfoliation  must  have  been  laid  on 
edge."  "If  it  had  been  properly  laid,"  he  says,  "the  stone 
would  have  been  in  a  perfect  state  of  preservation  today." 
Thus  it  is  sometimes  a  difficult  matter  for  an  architect,  who  has 
only  a  knowledge  of  a  stone  from  the  appearance  of  buildings 
already  constructed,  to  tell  whether  scaling  has  been  due  to  the 
inherent  weakness  of  the  stone,  or  to  improper  methods  of  lay- 
ing. 

AGENTS  OF  CHEMICAL  DECOMPOSITION. 

The  decomposition  of  the  mineral  constituents  of  a  rock  pro- 
ceeds much  more  slowly,  as  a  rule,  than  disintegration.  The 
forces  which  are  at  work  breaking  down  the  chemical  com- 
pounds have  a  much  greater  task  to  perform  than  those  which 
have  simply  to  overcome  adhesion  and  cohesion. 

WATKR. 

The  active  agent,  producing  chemical  changes  in  the  rock? 
is  water.     Water  is  seldom    pure,  but   generally  contains,  be- 


AGENTS    OF    CHEMICAL    DECOMPOSITION.  33 

sides  mineral  salts,  one  or  more  acids,  either  sulphuric,  sulphu* 
Tous,  carbonic,  or  organic,  in  solution.  Thus  the  water  is  often 
a  very  dilute  acid  solution.  As  it  percolates  through  the  rocks 
it  dissolves  small  quantities  of  mineral  matter  in  one  place  and 
deposits  it  in  another  where  conditions  are  not  favorable 
for  holding  it  in  solution.  In  this  manner  immense  quantities 
of  mineral  matter  are  transferred  from  one  part  of  the  earth 
to  another.  For  example,  it  is  largely  through  this  transfer 
of  material  by  water  that  sandstone  is  changed  into  quartzite. 
Through  these  agents  the  minerals,  composing  the  rocks,  of 
both  the  igneous  and  sedimentary  series,  are  decomposed. 

In  the  case  of  building  stone  the  chemical  decomposition  of 
the  minerals  is  so  exceedingly  slow,  that  it  does  not  affect  the 
strength  or  life  of  the  stone,  after  it  is  placed  in  a  building. 

Only  in  the  case  of  limestone,  dolomite,  or  marble,  or  where 
iron  sulphide  or  iron  carbonate  occur  in  other  rocks,  is  there 
any  material  deterioration. 

SULPHUBOUS    ACIDS. 

In  the  case  of  the  decomposition  of  iron  sulphide,  in  the 
presence  of  moisture,  the  formation  of  iron  rust  is  the  most 
conspicuous,  although  not  the  only  result.  The  decomposition 
of  the  sulphide  produces  sulphurous  and  sulphuric  acids,  which 
in  the  case  of  limestone,  act  upon  the  calcium  carbonate,  produc- 
ing calcium  sulphate,  which  is  often  brought  to  the  surface  and 
deposited  as  an  efflorescence  or  incrustation. 

The  sulphurous  and  sulphuric  acid  gases  are  mainly  present 
in  the  atmosphere  of  large  cities  where  there  is  a  large  con- 
sumption of  bittiminous  coal.  The  action  of  these  acids  is 
largely  increased  if  the  atmosphere  contains  a  considerable 
amount  of  moisture.  In  London,  where  fogs  predominate  and 
the  consumption  of  soft  coal  is  very  large,  there  seems  to  be 
little  question,  but  that  the  effect  of  these  gases  is  worthy  of 
careful  consideration.  But  in  the  United  States,  with  the  ex- 
ception of  a  few  of  the  larger  cities,  the  influence  of  these  agents 
is  comparatively  small,  and  needs  but  a  passing  mention. 
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CARBON  DIOXIDE. 

Wlierever  water  heavily  charged  with  carhonic  acid  gas  is 
passed  through  calciferous  rocks,  more  or  less  of  the  calcium 
carbonate  is  dissolved,  lessening  the  adhesion  between  the  dif- 
ferent particles  and  weakening  the  rock.  In  nature  the  results 
of  this  process  are  very  great  but  the  carbon  dioxide  has  scarcely 
any  appreciable  affect  on  the  durability  of  stone  used  in  the 
walls  of  a  building. 

OBOANIC  ACIDS. 

The  influence  of  organic  acids,  resulting  from  decaying  or- 
ganisms, on  the  life  and  strength  of  a  rock,  especially  in  the 
walls  of  buildings,  is  so  slight  as  to  be  scarcely  appreciable. 


III.     INHERENT   QUALITIES   OP   STONE. 

Just  as  there  are  very  many  forces  constantly  operating  to  de- 
stroy a  rock,  likewise  there  are  very  many  charaoteristics  or 
qualities  of  a  rock  which  give  it  the  capacity  to  withstand,  for  a 
longer  or  shorter  period,  these  forces.  This  capacity  whidi  a 
stone  possesses  to  withstand  the  forces  tending  to  destroy  it,  is 
known  as  durability. 

A  stone  having  qualities  which  especially  fits  it  for  certain 
uses  may  be  wholly  unfit  for  others.  To  be  best  fitted  for  use  in 
B  country  where  extreme  climatic  changes  are  the  rule,  a  stone 
must  possess  certain  inherent  qualities  not  required  of  a  stone 
used  in  a  country  where  the  climate  is  uniform.  A  stone  which 
is  so  placed  that  it  is  subject  to  abrasive  action  must  possess 
qualities  which  are  unnecessary  in  stone  never  subjected  to 
mechanical  wear.  A  stone  which  is  to  be  encircled  with  sul- 
phurous or  other  gaseous  fumes  should  possess  qualities  not 
necessary  in  stone  used  where  these  gases  are  absent.  A  stone 
that  is  to  be  subjected  to  intense  heat  must  possess  character- 
istics not  necessary  in  a  stone  which  only  experiences  ordinary 
temperatures. 
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The  durability  of  a  rock,  under  definite  climatic  conditions, 
depends  mainly  upon  its  (1)  Mineralogical  composition,  (2) 
Texture,  (3)  Hardness,  (4)  Strength,  and  (5)  Structure. 

MlKERALOGICAL    COMPOSITION. 

In  discussing  the  mineralogical   composition    the  two  main 

classes  of  rocks,  igneous  and  sedimentary,  will  be  treated  separ- 
ately. 

IGNEOUS    ROCKS. 

Other  things  being  equal,  those  igneous  rocks,  such  as  granite 
and  rhyolite,  that  are  composed  of  the  most  stable  minerals,  may 
be  considered  the  most  durable.  The  apparent  greater  dura- 
blity  of  rhyolte  over  granite  may  be  attributed  to  the  finer 
grain  and  closer  texture  of  the  rock,  rather  than  to  its  miner- 
alogical composition. 

Oranite  and  rhyolite  are  composed  mainly  of  quartz  and 
feldspar,  which  under  ordinary  atmospheric  conditions  are  two 
of  the  most  durable  rock  forming  minerals.  Quartz  is  the 
more  stable  of  the  two  and  is  never  decomposed,  except  as  it  is 
taken  into  solution  by  percolating  waters.  Feldspar  decomposes 
very  slowly,  but  owing  to  the  great  age  of  the  granite  or  other 
rock  in  which  it  occurs,  it  is  often  in  an  advanced  stage  of  alter- 
ation. The  alteration  products  of  feldspar  are,  as  a  rule, 
objectionable,  only  in  so  far  as  they  yield  more  readily  to  dis- 
integration. The  size  of  the  feldspar  individuals  is  a  consid- 
erable factor  in  their  rate  of  decomposition.  The  larger  the 
individuals,  the  more  abundant  and  open  will  be  the  cleavage 
planes;  and  since  decomposition  generally  originates  along 
eleavage  cracks  alteration  will  be  correspondingly  more  general. 
But  after  all,  under  ordinary  conditions,  it  requires  centuries 
of  time  for  the  alteration  of  the  feldspars  to  be  appreciable. 

Mica,  pyroxene,  and  amphibole  are  the  next  important  con- 
stitnents  to  quartz  and  feldspar.  Of  these,  mica  is  perhaps  the 
least  desirable  constituent  of  building  stone.  The  ready  cleav- 
age provides  an  easy  entrance  for  water  by  means  of  which  dis- 
integration proceeds  more  rapidly  than  in  the  other  minerals. 
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Mica  is  undesirable  in  proportion  to  the  size  and  abundance 
of  the  individuals.  If  present  in  small  individuals,  as  a  subor- 
dinate constituent,  it  is  scarcely  less  durable  than  quartz  and 
feldspar,  but  if  it  is  relatively  abundant,  and^in  large  individ- 
uals, it  will  disintegrate  much  more  rapidly.  It  should  be 
noticed  that  the  mica  above  referred  to,  is  not  that  which  occurs 
in  flakes  but  rather  that  which  is  foimd  in  crystals.  The  crys- 
tals disintegrate  much  more  readily  than  the  thin  flakes  or 
lamimc.  Mica  does  not  decompose  readily,  but  the  fine  cleav- 
age, which  the  crystals  possess,  facilitates  disintegration. 

Pyroxene  and  amphibole  are  more  durable  constituents  than 
biotite,  although  when  long  exposed  they  decompose  and  disin- 
tegrate very  slowly.  Those  varieties  rich  in  iron  alter  most 
readily,  and  on  account  of  the  larger  percentage  of  iron  oxide 
resulting  from  the  decomposition,  they  are  classed  as  undesir- 
able. The  fact  that  greenstone  contains,  as  a  rule,  a  larger 
percentage  of  the  less  durable  minerals,  pyroxene  and  amphi- 
bole, than  granite,  accounts  in  part  for  its  disfavor. 

Among  the  more  objectionable  accessory  constituents  of  the 
igneous  rocks  may  be  mentioned  iron  sulphide  or  pyrite.  As 
previously  stated,  the  variety  known  as  marcasite  is  liable  to 
the  more  rapid  decomposition,  because  the  iron  occurs 
more  largely  in  the  ferrous,  than  in  the  ferric  state.  The  fer- 
rous compound  is  less  stable,  and  readily  forms,  in  the  presence 
of  moisture,  soluble  iron  sulphate,  which,  through  capillarity, 
is  brought  to  the  surface  and  deposited  as  iron  oxide.  This  is 
one  source  of  rock  discoloration.  The  amount  of  actual  injury 
occasioned  by  the  chemical  reactions  involved  in  the  decompo- 
sition of  pyrite,  is  purely  a  matter  of  conjecture.  Yet  it  may 
be  safely  said  that  a  gradual  destruction  of  the  stone  results 
from  such  decomposition. 

THE  SEDIMENTARY  ROCKS. 

The  extent  to  which  the  durability  of  the  sedimentary  rocks 
is  conditioned  by  the  mineralogical  composition,  depends  upon 
the  original  mineral  constituents  and  the  cementing  material 
by  which  the  particles  have  been  subsequently  boimd  together. 
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The  sedimentary  rocks  of  Wisconsin  consist  mainly  of  sand- 
stone,  limestone,  and  dolomite.  It  is  stated  in  a  succeeding 
chapter  (See  Appendix,  Chapter  I.),  that  the  preponderant  con- 
stituent of  sandstone  is  quartz,  and  that  limestone  is  essentially 
calcium  carbonate  or  calcium  magnesium  carbonate.  The  rela« 
tive  durability  of  quartz  and  calcite  under  ordinary  atmos- 
pheric conditions  is  shown  by  a  comparison  of  the  physical  and 
chemical  properties  of  the  two  minerals.  Such  comparisons 
show  that  quartz,  in  itself,  is  less  readily  decomposed  or  disin- 
tegrated than  calcite. 

When  aggregated  in  the  form  of  a  rock,  the  conditions  are  so 
changed,  that  one  cannot  compare  the  durability  of  sandstone 
and  limestone  or  any  other  two  rocks  by  a  comparison  of  their 
chief  constituents.  In  sedimentary  rocks  the  kind  and  amount 
of  cement  enter  as  important  factors.  If  the  cement  which 
binds  the  grains  of  a  sandstone  together,  is  weak,  the  rock  will 
disintegrate  rapidly  imder  the  influence  of  the  atmosphere. 
Likewise,  imless  the  individuals  composing  a  limestone  or  dolo- 
mite are  well  cemented,  the  destruction  of  the  stone  by  disinte- 
gration will  be  a  question  of  but  a  short  time.  It  is  theref '  re 
evident,  that  a  careful  consideration  of  the  amount  and  charac- 
ter of  the  cement,  binding  the  particles  of  a  rock  together,  is  an 
important  part  of  the  mineralogical  examination. 

The  important  cementing  materials,  in  the  order  of  their  im- 
portance are  silica,  calcium  carbonate,  and  iron  oxide.  *.  num- 
ber of  authors  in  text  books  and  reports  on  building  stone  have 
treated  iron  oxide  as  next  in  importance  to  silica  as  a  cement- 
ing material.  As  will  be  shown  this  is  not  true.  Silica  is  the 
most  important  of  the  three  cements.  Calcium  carbonate,  al- 
though probably  in  itself  less  durable  than  iron  oxide,  is  next  in 
importance  to  silicia  as  a  cement.  Iron  oxide,  in  itself,  is  more 
durable  than  calcium  carbonate,  but  owing  to  the  absence  of 
other  necessary  qualities,  it  contributes  least  to  the  durability 
of  a  rock,  and  is  therefore  of  least  importance  as  a  cement. 

The  relative  value  of  a  cement  depends  primarily  upon  its  ad- 
hesive and  cohesive  powers.  It  may  be  observed  that,  among  the 
sedimentary  rocks,  in  which  the  cements  are  equally  abundant. 
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uent,  and  least  harmful  when  it  occurs  in  the  shape  of  pockets. 
In  the  former  case  the  rock  is  not  only  inherently  weaker  but 
disintegrates  more  readily  when  exposed  to  the  atmosphere. 
The  injury,  in  the  case  of  clay  pockets,  is  mainly  the  unsightly, 
pitted  appearance  which  is  occasioned  by  the  weathering  out  of 
the  day.  The  thin,  discontinuous  laminse  of  clay,  often  ob- 
served in  the  limestone  of  the  Trenton  and  other  formations,  in 
this  and  adjacent  states,  easily  disintegrate,  leaving  the  rock 
in  thin  beds  which  in  time  are  often  completely  destroyed  by 
the  alternate  freezing  and  thawing  of  water,  which  collects  be- 
tween the  layers.  The  sedimentary  rocks  contain  very  few 
minerals  that  are  especially  objectionable.  Pyrite  is  undesir- 
able for  the  same  reasons  that  were  given  in  the  discussion  of 
the  igneous  rocks.  (See  p.  36.)  The  effect  of  the  decomposi- 
tion of  pyrite  is  greater  in  limestone  than  in  sandstone,  owing 
to  the  formation  of  sulphurous  and  sulphuric  acids,  which  act 
upon  the  calcium  and  magnesium  carbonate,  taking  them  into 
solution  and  redepositing  them  at  the  surface,  as  calcium  sul- 
phate. This  not  only  discolors  the  stone,  by  producing  an 
efflorescence  on  the  surface,  but  also  weakens  it 

Bitruninous  matter  in  the  shape  of  petroleum  occasionally 
occurs  in  limestone,  and  in  this  form  is  objectionable  mainly 
because  it  acts  as  a  dust  collector,  and  causes  discoloration. 

TEXTTJBE. 

The  texture  of  a  rock  is  an  important  factor  in  its  durability. 
Uniformity  in  size,  closeness,  and  manner  of  contact  of  the 
constituent  grains  are  factors  that  should  be  carefully  consid- 
ered. The  adhesion  in  the  softer  sandstones  is  largely  between 
the  original  grains  themselves,  but  in  those  that  are  better  con- 
solidated the  grains  are  bound  together  by  a  cement.  The 
amount  of  material  required  to  completely  cement  a  rock  de- 
pends upon  the  pore  space.  Theoretically  a  rock  in  which  the 
particles  are  uniform  in  size  and  spherical  in  shape  will  have 
the  greatest  pore  space.  But  this  condition  is  never  attained  in 
nature  and  it  may  be  said  that  in  rocks  which  approach  nearest 
these  conditions  the  pore  space  will  be  greatest  Very  few 
rocks  retain  the  pore  space  which  they  originally  have,  owing 


TEXTURE.  41 

to  the  fact  that  the  pores  are  more  or  less  filled  by  cementing 
material  The  cement  decreases  the  pore  space  and  changes 
somewhat  the  texture  of  the  rock.  If  the  cement  has  the  same 
composition  as  the  preponderant  original  constituent  and  is 
present  in  sufficient  quantity  to  largely  fill  all  interspaces,  the 
grains  will  apparently  interlock,  after  the  manner  of  an  igne- 
ous rock. 

The  assertion  made  by  different  writers,  that  an  increase  in 
the  size  of  the  grain  is  accompanied  by  a  corresponding  increase 
in  the  size  of  the  pores,  is  not  literally  true,  because  the  inter- 
stices between  the  grains  of  a  majority  of  the  rocks  are  more  or 
less  filled  with  secondary  material.  Further,  experiments 
upon  coarse  and  fine  grained  rocks  indicate  that  one  cannot 
tell  the  porosity  of  a  rock  by  the  size  of  the  grains.  A  fine 
grained  rock  may  be  as  porous  as  one  which  is  coarse  errained. 
The  pores  will  not  be  as  large  in  the  fine  grained  rock,  but 
will  be  more  numerous. 

The  pores  in  a  rock  may  vary  in  size,  from  those  that  are  too 
small  to  be  detected  by  the  microscope  to  those  which  are  of 
su£Scient  size  to  be  called  caves  or  caverns.  Ordinary  hackley 
limestone  has  derived  its  name  from  the  small,  irregular  cav- 
ities which  are  found  throughout  the  rock.  Aside  from  the 
harmful  effects  of  a  high  ratio  of  absorption,  rocks  which  con- 
tain any  considerable  number  of  cavities  are  weaker  than  those 
which  do  not  contain  cavities.  It  is  a  very  common  occur- 
rence to  find  cavities,  in  limestone,  filled  or  partially  filled  with 
calcite  or  sometimes  quartz.  Pyrite,  marcasite,  sphalerite, 
and  other  less  common  minerals  are  often  associated  with  cal- 
cite in  such  cavities.  Wherever  such  openings  occur  in  any 
considerable  number  they  are  injurious  to  the  stone.  The  in- 
terlocking character  of  the  mineral  particles  ordinarily  gives 
greater  strength  and  less  porosity  to  the  igneous  rocks.  Lime- 
stone is  frequently  as  closely  compacted  as  granite  and  the  in- 
dividuals interlock  after  the  manner  of  the  igneous  rocks.  For 
this  reason  they  have  a  very  low  percentage  of  pore  space  and 
&  high  crushing  strength. 

The  size  and  uniformity  of  the  particles  influence  the  man- 
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ner  in  which  the  rock  weathers,  as  is  often  observed  in  porphy- 
ritic  granite.  The  large  crystals  of  feldspar  decompose  or  dis- 
integrate more  quickly  than  the  smaller  ones,  pitting  the  surface 
of  the  rock.  This  differential  weathering  is  especially  notice- 
able in  a  coarse  grained  rock,  composed  of  several  minerals,  of 
different  degrees  of  hardness.  The  softer  constituents  will 
decompose  first,  leaving  very  noticeable  depressions  in  the 
surface  of  the  rock.  If  the  rock  is  fine  grained  the  depressions 
are  proportionate  to  the  size  and  hardness  of  the  mineral  con- 
stituents, and  are  often  so  small  as  to  be  scarcely  noticeable. 

Among  the  sedimentary  rocks,  differences  in  the  si^e  and 
compactness  of  the  grains,  as  well  as  in  mineralogical  composi- 
tion, may  ordinarily  be  observed  in  each  individual  bed  or 
lamina.  In  the  matrix  of  sandstone  there  are  frequently  im- 
bedded pebbles  of  different  sizes  and  degrees  of  hardness  as 
well  as  pockets  or  seams  of  clay.  The  pebbles  are,  as  a  rule, 
more  durable  than  the  matrix,  and  therefore  resist  to  a  greater 
degree  the  destructive  forces.  As  the  matrix  is  worn  away, 
the  pebbles  remain  as  protuberances  on  the  stone,  until,  finaUy, 
the  cement  which  holds  them  in  place  is  so  weakened,  that  they 
in  turn  are  carried  away,  leaving  small  cup-shaped  depressions 
to  mark  the  place  where  they  were  originally  imbedded.  In 
like  manner  the  soft  and  more  easily  disintegrated  portions  of 
a  rock  are  indicated  by  depressions,  while  the  harder  parts 
stand  out  as  small  prominences. 

Not  only  do  limestone  and  sandstone  from  different  quar- 
ries or  from  different  beds  of  the  same  formation  vary  in  dur- 
ability, but  portions  of  the  same  layer  often  weather  unevenly. 
Limestone  is  frequently    interbedded    or  interlaminated  with 
shale,  which  disintegrates   much  more  rapidly  than  the  lime- 
stone, as  was  noticed  on  a  previous  page.     'No  better  illustratiett 
of  the  weathering  of  an  uneven  textured  rock  can  be  given  than 
that  of  a  limestone  which  contains  chert  nodules  and  foasib. 
These  impurities  cause  the  stone  to  weather  unevenly,  produc- 
ing an  unsightly  appearance.     As  a  rule,  nodules  and  fossils 
cause  a  more  rapid   disintegration  of  the  rock,  on  account  of 
the  natural  want  of  coherence  between  them  and  the  matrix. 
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HABDNESS. 

In  the  preceding  discussion  of  texture  we  have  been  treating 
largely  of  the  causes  for  the  difference  in  the  strength  and  dur- 
ability of  stone  but  have  not  considered  the  conditions  upon 
which  hardness  depends.  The  hardness  of  a  rock  is  deter- 
mined by  the  hardness  of  the  component  minerals,  their  size 
and  relative  abundance,  and  the  state  of  aggregation.  A  rock 
may  consists  wholly  of  quartz  grains,  the  hardest  of  the  common 
minerals,  and  yet  be  so  soft  as  to  crumble  between  the  fingers. 
Another  rock  having  the  same  general  composition,  but  in  which 
the  grains  are  well  cemented  with  silica,  may  be  one  of  the 
hardest  of  rocks.  Thus  it  is  plain  that  the  state  of  aggrega- 
tion is  the  main  controlling  factor  in  rock  hardness. 
Nevertheless  it  can  be  said,  that  of  two  rocks  in  which  the 
grains  are  of  equal  size  and  the  state  of  aggregation  similar, 
the  hardness  will  depend  upon  the  hardness  of  the  constituent 
minerals.  In  general  the  hardness  of  granite  can  be  compared 
with  that  of  other  granites  by  a  knowledge  of  their  mineralog- 
ical  compositions.  Yet  this  will  only  be  roughly  approximate, 
because  the  relative  abundance  of  the  different  minerals  influ- 
ences decidedly  the  hardness  of  a  rock.  In  making  such  an  es- 
timate one  should  know  the  percentage  of  the  rock  that  is  com- 
posed of  each  of  the  constituents. 

In  the  case  of  the  sedimentary  rocks,  the  shape  of  the  grains, 
their  size,  and  the  kind  of  cementing  material  are  all  factors  of 
considerable  importance,  influencing  the  hardness  of  the  rock. 
The  cementing  material  has  a  hardness  of  its  own,  which  will 
either  raise  or  lower  the  average  hardness  of  the  original  min- 
eral constituents.  The  cement  further  influences  the  hardness 
of  the  rock  through  the  adhesion  or  cohesion  which  exists  be- 
tween it  and  the  original  particles.  The  shape  of  the  grains, 
round  or  irr^ular  and  interlocking,  influences  very  consider- 
ably the  hardness  of  the  rock.  In  some  rocks  the  original, 
rounded  grains  have  been  enlarged  and  interlock  to  such  an 
extent  that  the  texture  approaches  that  of  granite,  and  the  rock 
is  consequently  much  harder  than  one  in  which  the  grains  are 
simply  cemented. 
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All  of  the  above  conditions  go  to  make  up  the  state  of  aggre- 
gation which  is  the  controlling  factor  in  determining  the  hard- 
ness of  a  rock.  The  hardness  of  a  rock  is  controlled  by  the 
hardness  of  the  minerals,  their  relative  abundance,  and  the 
state  of  aggregation. 

STBENGTH. 

The  strength  of  a  stone  is  the  capacity  which  it  possesses  to 
withstand  stresses  applied  at  its  surface.  The  strength  of  a 
rock  depends  upon  a  multitude  of  conditions,  many  of  which 
have  been  given  in  the  preceding  pages.  As  in  the  case  of 
hardness,  the  strength  may  be  said  to  be  dependent  mainly 
upon  the  mineralogical  composition,  size  of  the  grains,  and  the 
state  of  aggregation.  The  strength  is  influenced  by  the  pres- 
ence of  cleavage  and  fissile  planes,  resulting  either  from  sedi- 
mentation or  mechanical  deformation.  As  a  rule,  sedimen- 
tary rocks  are  stronger  when  pressure  is  applied  normal  to  the 
bed  than  when  the  pressure  is  applied  in  other  directions.  The 
igneous  rocks  have  an  average  strength  considerably  above  that 
of  the  sedimentary  rocks.  The  greater  strength  of  the  igneous 
rocks  is  due  mainly  to  the  interlocking  character  of  the  mineral 
particles.  If  for  any  cause  a  rock  has  been  shattered,  and  the 
particles  thereby  loosened  from  one  another,  the  strength  will 
be  greatly  impaired.  A  rock  which  has  suffered  in  any  way 
from  careless  handling  will  not  stand  the  stresses  which  it 
would  if  properly  handled.  Further,  a  rock  which  is  com- 
pletely saturated  with  water  is  weaker  than  one  which  is  dry. 
The  reason  for  this  is  not  known. 

STBTXCTTXBE. 

A  rock  which  is  free  from  all  joints,  sedimentary  planes,  or 
schistosity,  is  much  better  suited  to  withstand  the  .motive 
agents  of  weathering  than  one  which  is  not.  Wherever  a  rock 
has  actually  parted,  there  we  have  a  place  for  the  accumula- 
tion of  water.  As  the  water  collects  during  the  warm  days  of 
early  spring  and  freezes  at  night,  the  ice  wedge  begins  its  de- 
structive work.     Every  parting  plane  in  a  rock  is  a  place  of 
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weakness,  and  every  crack  and  crevice  is  a  place  where  dust  and 
dirt  may  accumulate,  and  into  which  growing  organisms  may 
send  their  roots.  A  crack  once  begun  opens  wider  and  wider, 
until  finally  the  rock  falls  apart. 

On  account  of  their  laminated  character,  great  care  should  be 
exercised  in  building  a  wall  out  of  sedimentary  rocks.  As  has 
been  previously  stated,  none  but  the  strongest  stones  should  be 
laid  on  edge  in  the  walls  of  large  buildings.  After  years  of 
exposure  the  effect  of  laying  stone  on  edge  is  almost  certain  to 
show.  Parting  planes  and  stratification  may  scarcely  be  no- 
ticeable in  the  rock  when  first  quarried,  but,  nevertheless,  these 
planes  are  always  present  in  some  parts  of  the  stone,  and  after 
years  have  passed  may  manifest  themselves  by  exfoliation. 
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CHAPTER  III. 


MEANS  OF  DETERMINING  THE  VALUE  OF  A 

STONE  FOR  BUILDING  OR  OTHER 

ECONOMIC  PURPOSES. 

There  are  three  important  methods  of  determining  the  valne 
of  a  stone  for  building  or  other  economic  purposes:  (1)  Ob- 
servation on  the  stone  as  found  in  the  quarry  and  adjacent  nat- 
ural exposures.  (2)  Examination  of  the  stone  used  in  build- 
ings, bridge  abutments,  monuments,  etc.  (3)  Laboratory 
tests.  No  one  of  these  should  be  considered  sufficient  in  itself, 
but  each  should  be  used  in  conjunction  with  the  other  two. 

If  a  geologist  were  obliged  to  choose  between  these  three 
methods  of  determining  the  value  of  a  stone,  he  would  probably 
find  the  first  method  most  satisfactory.  But  an  opinion,  based 
upon  quarry  observations  alone,  has  value  depending  largely 
upon  the  judgment  and  experience  of  the  observer.  It  lacks  a 
definiteness  and  certainty,  which  can  only  be  supplied  by  labor- 
atory tests. 

QTXABBY    OBSEBVATION& 

Many  important  conclusions  may  result  from  quarry  obser- 
vations, which  cannot  be  reached  through  an  examination  of  se- 
lected samples.  Samples,  which  are  exhibited  by  quarry 
owners,  are  generally  taken  from  the  best  stock,  and  often  give 
little  idea  of  the  general  run  of  the  stone  as  it  occtirs  in  the 
quarry.  The  stone  often  varies  quite  largely  in  dijfferent  parts 
of  the  same  quarry.  The  color  may  be  solid  and  uniform  in 
one  part  and  variegated  in  another.  Certain  beds  may  be  uni- 
formly free  from  lamination,  while  those  immediately  above  or 
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l)elow  may  be  distinctly  bedded  or  laminated.  There  are  zones 
in  certain  quarries  that  are  characterized  by  numerous  in- 
cipient jointing  planes,  which  are  noticeable  only  on  the  weath- 
ered surface.  Buildings  of  long  standing  may  reveal  certain 
of  these  defects  in  the  stone,  but  if  care  has  been  exercised  in 
selecting  the  stone,  the  walls  may  show  no  sign  of  deterioration. 
The  quarry  itself  is  the  only  place  to  observe  the  uniformity  of 
the  stone. 

The  quarry  is  not  only  the  best  place  to  ascertain  the  uni- 
formity in  color  and  texture  of  the  rock,  but  it  is  also  a  favor- 
able place  to  note  the  permanence  in  color  and  the  durability  of 
the  stone.  In  the  quarry  the  stone  may  be  examined  in  its 
fresh  state  and  contrasted  with  that  of  the  natural  outcrop, 
which  has  been  subjected,  through  many  years,  to  the  vicissi- 
tudes of  a  changing  climate.  From  these  observations  one  may 
make  comparative  estimates  of  the  rapidity  with  which  the  rock 
weathers.  Such  estimates  will,  necessarily,  be  of  the  most  gen- 
eral nature,  because  no  two  rocks  are  subject  to  precisely  the 
same  climatic  conditions. 

The  depth  to  which  disintegration  has  gone  depends  less 
upon  the  inherent  characteristics  of  a  rock  than  upon  its 
position,  with  respect  to  the  general  level  of  the  ootm- 
try,  the  climatic  conditions,  and  the  length  of  time  through 
which  it  has  been  subjected  to  weathering  action.  Under  cer- 
tain definite  conditions  the  rapidity  of  rock  weathering  will 
depend  upon  the  inherent  characteristics  of  the  rock.  Under 
different  conditions  the  result  may  be  wholly  different.  For 
example,  one  rock  may  be  so  constituted  as  to  suffer  more  from 
the  extremes  of  temperature  than  another,  while  percolating 
water  may  affect  the  latter  more  than  the  former.  The  same 
rock  imder  different  climatic  conditions  may  in  one  case  show 
discoloration  and  in  another  retain  its  original  color.  Under 
the  same  conditions  one  rock  may  discolor  and  another  remain 
imchanged.  One  rock  may  be  affected  by  organic  or  other 
acids,  while  another  will  remain  iminjured  thereby.  Thus,  as 
has  been  previously  explained,  the  cause  of  decay  may  be  inher- 
ent in  the  rock  itself,  or  a  result  of  external  conditions. 
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The  depth  of  disintegration  of  rocks  naturally  elevated  above 
the  surrounding  country  is  generally  less  than  those  in  the  low 
level  portions.  This  is  to  be  partially  attributed  to  the  greater 
rapidity  with  which  disintegrated  material  is  removed  from  the 
hills,  than  from  the  valleys.  Yet  it  must  be  borne  in  mind  that 
rock  weathers  less  rapidly,  when  it  is  protected  by  a  mantle  of 
alluvium,  as  is  usually  the  case  in  valley  plains.  In  the  lower 
level  areas  the  product  of  weathering  is  cumulative,  while  that 
of  the  sloping  and  more  elevated  areas  remains  almost  constant 

Further,  we  must  not  lose  sight  of  the  fact  that  the  disinte- 
gration of  a  very  durable  rock,  through  a  long  period  of  years, 
may  be  greater  than  that  of  an  easily  decomposed  rock  which 
has  suffered  but  a  few  years  of  exposure.  This  difference  in 
amount  of  disintegration  is  nicely  illustrated  in  a  comparison 
of  the  rocks  of  the  southern  non-glaciated  and  the  northern 
glaciated  regions.  The  rocks  of  the  glaciated  region  are  less 
disintegrated  than  those  of  the  non-glaciated,  mainly  because 
they  have  been  subjected  to  weathering  for  a  much  shorter 
period  of  time. 

There  are  two  additional  reasons  for  the  slow  disintegration 
of  the  rocks  of  the  glaciated  region,  which  must  not  be  over- 
looked. (1)  In  many  places  the  rocks  have  been  smoothed  and 
polished,  thereby  facilitating  the  passage  of  the  water  off  from 
their  surfaces.  (2)  The  glacial  deposits  in  many  places  cover 
the  rocks  with  a  protecting  mantle  of  boulder  clay  or  tilL 
After  taking  into  consideration  these  two  factors,  the  compara- 
tive durability  of  the  different  rocks  in  the  glaciated  region  cam 
be  approximately  estimated  by  the  depth  of  the  weathering  or 
distintegration. 

In  the  glaciated  region  disintegration  is  generally  not  far 
enough  advanced  to  furnish  any  considerable  amount  of  ma- 
terial for  transportation  by  the  rivers.  Those  rocks  of  the  gla- 
ciated region,  which  have  been  exposed  to  weathering  processes 
since  the  recession  of  the  glaciers,  thousands  of  years  ago,  show 
clearly  any  inequalities  of  texture  in  the  rock.  Under  a  man- 
tle of  debris,  these  differences  of  texture  would  fail  to  appear, 
even[  after  a  much  longer  period.     Under   present  conditions 
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the  partially  weathered  surface  brings  out  with  exceptional 
clearness  any  inequalities  in  the  hardness  or  texture  of  the 
rock.  On  the  weathered  surface,  the  hard  parts  of  the  rock 
generally  stand  out  in  relief,  while  the  softer  parts  are  indi- 
cated by  depressions.  Incipient  jointing  and  sedimentary 
planes  can  be  most  readily  detected  on  the  weathered  surface 
of  a  rock.  If  such  a  surface  shows  these  structural  planes,  it 
is  quite  certain  that  they  extend  into  the  quarry  for  some  depth, 
although  often  invisible.  Stone  from  a  considerable  depth  be- 
low the  surface,  which  shows  no  special  structures,  when  first 
quarried,  may  after  exposure  to  the  weather  for  many  years, 
develop  fine  jointing  or  sedimentary  planes,  similar  to  those  ob- 
served in  the  natural  exposure.  The  fact  that  prominent 
joints  or  fissile  planes  at  the  surface  become  so  close  that  they 
cannot  be  detected  at  a  depth  of  several  feet,  has  led  to  the  cur- 
rent belief,  among  quarrymen,  that  joints  disappear  with 
depth.  Although  this  is  certainly  true  when  applied  to  con- 
siderable depths,  the  general  application  of  the  rule  has  lead 
to  very  erroneous  conclusions.  As  a  rule  the  joints  do  not  dis- 
appear at  the  depth   to  which  quarrying  is  ordinarily  carried. 

Soft  spots,  pebbles,  fossils,  and  similar  irregularities  in  tex- 
ture are  revealed  by  weathering.  By  careful  quarry  observa- 
tions and  conservative  judgment  one  may  estimate  the  possible 
injury  from  such  sources. 

In  some  cases  weathering  reveals  and  in  others  it  conceals  the 
presence  of  injurious  constituents.  Pyrite  or  marcasite  may 
be  cited  as  impurities  which  weathering  often  conceals.  These 
constituents  may  often  be  detected  by  discolorations  on  the 
surface  of  the  stone,  but  if  weathering  has  proceeded  to  a  con- 
siderable depth,  direct  evidence  of  their  former  presence  may 
be  completely  removed.  If  quarrying  proceeds  beyond  the 
zone  of  weathering  the  minerals  will  bo  found  in  the  rock  in 
their  unaltered  state.  Weathering  may  cause  bleaching,  as  well 
as  discoloration.  Efflorescence  and  incrustation  frequently  oc- 
cur on  the  weathered  surface  of  limestone.  All  of  these  tend- 
encies may  be  best  detected  in  the  natural  exposure. 

In  glaciated  areas  the  hardness  may  be  roughly  estimated 
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by  observing  the  polished  or  grooved  surface  of  the  rock  in  the 
quarry.     Deep  grooves    often    indicate    a  comparatively    soft 
stone,  while  less  conspicuous  markings,  or  entire  freedom  from 
them,  may  indicate  a  hard  stone.     The  clearness  and  distinct- 
ness of   the  grooves  are   evidence   of  durability.     In   making 
estimates  from   such   evidence,    it  is  quite   necessary,  that  the 
character  of  the  stone,  its  position,  and  other  factors  be  consid- 
ered.    The  presence  of  lichens  growing  on  the  face  of  an  ex- 
posed cliff  has  been  thought  by  some  to  be  indicative  of  hardness 
and   durability.     Unfortunately,    this   criterion   of   hardness, 
when  taken  alone,  has  little  significance.     I  have  often  ob- 
served an  abundance  of  lichens  growing  on  the  surface  of  sand- 
stone, which  is  inherently  soft.     In  such  instances  the  lichens 
simply  indicated  that  a  crust  had  been  formed  on  the  exposed 
surface  of  the  stone.     This  crust  is  frequently  very  hard,  en- 
during a  sufficiently  long  time  for  the  growth  of  lichens. 

If  one  is  desirous  of  obtaining  a  considerable  quantity  of 
stone  perfectly  uniform  in  color  and  texture,  it  is  important 
that  he  should  visit  the  quarry  to  assure  himself  that  the 
amount  of  the  quality  desired  is  obtainable.  It  is  possible  for 
a  quarry  to  be  exhausted  of  its  good  stone,  and  for  this  reason, 
an  inspection  is  often  a  valuable  precaution. 

On  the  other  hand,  the  stone  from  a  certain  quarry,  in  which 
a  large  percentage  of  the  stone  is  first  quality,  may  have  been 
condemned  by  the  public,  because  quarryman  and  contractor 
have  permitted  the  use  of  a  few  inferior  blocks,  "for  the  sake  of 
economy."  Moreover,  in  the  rush  to  complete  contracts, 
builders  are  occasionally  obliged  to  use  inferior  stone,  because 
of  difficulty  in  securing  the  proper  stone,  at  the  right  time. 
In  order  to  know  when  one  is  receiving  the  best  stone  that  a 
quarry  produces,  he  should  be  familiar  with  the  possibilities  of 
the  quarry. 

OBSEBVATIONS    ON    BTXILDINaS,    MOlTdMENTS,    ETC. 

The  value  of  observations  on  buildings  and  monuments  con- 
structed out  of  stone,  as  a  means  of  estimating  their  strength 
and  durability,  has  long  been  recognized.     Nevertheless,  on  ac- 
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<x>iint  of  the  ease  with  which  they  can  be  made,  the  value  of 
such  observations  has  probably  been  overestimated. 

OBSERVATIONS  ON  BUILDINGS. 

Contractors  and  builders  are  very  ready  to  attribute  any  no- 
ticeable decay  of  the  stone,  in  the  superstructure  of  a  building, 
to  some  unknown   inherent  weakness.     As   a  rule  one  cannot 
pass  valuable   judgment   on  the   durability  of  a   stone  merely 
from  an  examination  of  buildings  constructed  therefrom.     It 
must  be  remembered  that  stone  which  is  durable  under  ordi- 
nary circumstances,  may  be  badly  injured  and  its  life  mater- 
ially shortened,  through  rough  or  careless  quarrying,  handling, 
and  dressing.     The  size  of  a  building,  its  location,  and  the  care 
which  is  exercised  in  laying  the  stone  in  the  walls,  are  all  fac- 
tors in  the  life  of  the  stone.     The  weight  of  the  superstructure 
is  thought  in  many  instances  to  hasten  the  rate  of  decay  of  the 
stone  in  the  lower  courses,   and   it  is  certain   that  blasting, 
the  use  of  heavy  hammers,  and   improper  methods  of  dressing, 
very  materially  shorten  its  life.       The  stone  used    in    the 
<5onstruction   of  many  buildings   is  very   carefully   laid,   not 
a  block  being  placed  on  edge.     Other  buildings  are  constructed 
with  the  utmost  carelessness,   no  regard  being  had  for  the 
method  of  dressing  or  the  maimer  of  laying.     Two  buildings, 
•constructed  with  equal  care,  from  the  same  kind  and  grade  of 
stone,   if  subjected  to  different   atmospheric  conditions,  may 
show  a  very  great  difference  in  the  rate  of  decay.     A  building 
in  a  large  city  is  subject  to  different  conditions  than  one  in  the 
<?ountry.     One  building  may  be  so  situated  as  to  be  fully  pro- 
tected from  the  prevailing  storms,  while  another  may  be  so  sit- 
uated that  it  suffers  from  every  change  of  weather. 

Further,  one  seldom  knows,  from  an  inspection  of  a  building, 
whether  the  stone  in  its  construction,   is  first,  second,  or  third 
grade.     It  is  not  an  tmcommon  occurrence,  for  the  stone  from 
sn  entire  district  to  be  condemned,  because  certain  structures, 
built  from  third  grade  stock,  have  not  proved  as  satisfactory  as 
other  buildings,  in  which  number  one  stone,  from  another  dis- 
trict, has  been  used.     Every  quarry  has  more  or  less  second  and 
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third  grade  stock,  which,  although  suited  to  a  variety  of  pur- 
poses, can  not  be  used  for  all  purposes.     Unfortunately  these- 
poorer  grades  of  stone  are  often  used  in  the  fronts  of  buildings^ 
or  even  carved  for  the  finer   parts   of  the   architectural  work. 
After  stone  once  becomes  a  part  of  a  building,   people  do  not 
stop  to  distinguish   different  grades,  but   charge  all  imperfec- 
tions against  the  quarry,  as  a  whole,  from  which  the  stone  waa 
taken.     Sometimes  the  entire  area,  including  several  quarries, 
has  to  suffer.     If  a  building,   constructed   out  of  third  grade- 
stone,  becomes  shabby  in  a  few  years,  it  is  not  to  be  wondered 
that  the  quarry  is  condemned.     It  is  generally  understood  that 
two  or  three   different  grades   of  lumber  are  obtained  from  a 
single  tree.     But  because  some  one  finishes  his  house  with  tho- 
rough, knotty  product,  people  do  not  condemn  the  forest,  from 
which  the  timber  was  taken.     Neither   should   a  quarry  or  a 
quarry  district  be  condemned  because  third  grade  stone  is  occa- 
sionally used  in  the  construction  of  a  building.     If  second  or 
third  grade  stone  was  purchased  as  first  grade,  then  the  quarry- 
man  was  probably  to  blame.     If  the  stone  was  bought  as  second 
or  third  grade  stock,  the  purchaser  and  not  the  seller  should  be- 
responsible. 

The  time  element,   or  age  of  a  building,  is  a  very  important 
factor  in  drawing  conclusions   as  to  the  durability  of  the  stone 
used  in  different  buildings.     Very  few  of  the  important  stone 
buildings  in  Wisconsin  are  over  fifty  years  old,  and  the  major- 
ity have  not  been  built  over  twenty-five  or  thirty  years.     Many 
of  them  do  not  exhibit  the  first  sign  of   decay,  but  others  are- 
already  beginning  to  show  the  effects  of  exposure  to  the  atmos- 
phere.    But,   as  a  rule,  the  actual   disintegration   is  so  small, 
that  we  are  content  to  examine  the  structures,  in  a  search  for  the 
beginnings  of  decay.     When  a  few  hundred  years  have  passed 
and  there  still  remain  the  walls  of  our  public  buildings,  it  will 
be  easier  to  tell  which,  of  the  many  Wisconsin  building  stones, 
is  best  adapted  to  withstand  the  changing  conditions  of  the 
north  temperate  climate.     The  great  public  buildings  ought  to- 
be  constructed  out  of  materials  that  will  not  crumble  and  decay 
in  a  few  years.     They  ought  to  stand  for  centuries,  and  the 
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«tate  that  builds  for  the  present,  heedless  of  the  future,  has  not 
reached  the  highest  development  of  the  present  generation. 

OBSEEVATIONS  ON  MONUMENTS. 

Indications  of  the  durability  of  different  monumental  stones, 
•can  be  found  by  a  careful  examination  of  monuments  erected  in 
the  cemeteries  of  this  and  adjacent  states.  The  oldest  of  these 
monuments  are  built  of  marble,  it  being  only  within  a  compara- 
tively few  years  that  granite  has  come  into  very  general  use. 
But  so  rapid  has  been  its  acceptance  that  at  the  present  time, 
marble  is  seldom  sold  except  in  rural  districts.  The  compara- 
tively recent  date  of  the  erection  of  the  granite  monimients 
leaves  us  without  the  necessary  time  element  in  comparative 
^timates  of  durability. 

Nevertheless  it  is  worthy  of  note,  that  some  of  the  imported 
granite  monuments,  that  have  been  erected  for  a  number  of 
years,  are  gradually  losing  their  polish,  and  even  now  have 
finely  pitted  surfaces.  Monuments  that  are  so  situated,  that 
they  have  been  exposed  for  years  to  the  winds  carrying  fine  par- 
ticles of  sand,  in  suspension,  frequently  have  their  polished 
faces  dulled,  and  the  lettering  obscured.  A  monument  is  often 
more  rapidly  disintegrated  on  the  side  which  is  exposed  to  the 
direct  rays  of  the  sun  than  on  the  opposite  side.  This  is  ex- 
plained by  the  diurnal  expansion  and  contraction,  due  to  the 
heating  and  cooling  of  the  stone. 

The  freedom  of  the  stone  from  incipient  joints,  segrega- 
tions, nodules,  or  other  irregularities  in  texture,  can  be  very 
readily  detected  on  a  polished  surface.  The  degree  of  polish, 
which  a  stone  will  take,  and  the  contrast  in  the  hammered  and 
polished  surfaces,  can  be  best  judged  from  the  finished  work. 
It  is  necessary  at  all  times,  in  making  comparisons,  not  to  let 
the  elaborateness  or  excellence  of  the  workmanship  influence 
the  judgment 

OBSERVATIONS   ON   MISCELLANEOUS   USES. 

The  suitability  of  a  stone  for  road  construction,  either  in  the 
«hape  of  blocks  for  paving  or  crushed  rock  for  macadam,  may 
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be  judged  to  a  large  extent  by  the  manner  in  which  the  ma- 
terial, in  previously  constructed  roads,  has  withstood  heavy 
traffic  and  frost.  The  manner  in  which  the  road  has  been  con- 
structed, and  the  extent  to  which  it  is  used,  must  both  be  con- 
sidered. In  the  early  stages  of  road  making,  as  in  all  other 
public  undertakings,  it  must  be  expected,  that  all  kinds  of  ma- 
terial will  be  used.  That  this  has  been  the  case  in  the  con- 
struction of  many  of  the  macadamized  roads  of  today  is  evi- 
denced by  the  fact,  that  after  but  a  few  years  of  use,  many  of 
them  are  in  a  very  unsatisfactory  condition.  Much  can  be 
learned  as  to  the  cause  by  an  investigation  of  the  materials  used 
and  the  method  employed  in  construction. 

An  inspection  of  bridge  abutments,  curbing,  sidewalks,  etc., 
that  have  been  built  for  a  number  of  years,  is  often  valuable  in 
determining  the  sutability  of  the  stone  for  these  purposes.  If 
imsuitable  stone  has  been  used  for  curbing  purposes,  it  can  gen- 
erally be  detected  after  a  number  of  years,  either  by  its  break- 
ing off  at  the  water  line  or  shaling  along  the  bed.  Any  ten- 
dency to  shale  or  crack  is  generally  brought  out  when  a  stone  is. 
used  in  a  bridge  abutment.  If  a  stone  wears  smooth  and  slip- 
pery or  is  easily  abraded  it  can  be  detected  by  an  examination  of 
steps  and  sidewalks  built  out  of  the  stone. 

LABOBATOBY   TESTS. 

One  who  is  fully  acquainted  with  the  physical  characteristics 
of  a  stone  and  knows  the  conditions  under  which  it  is  to  be 
placed,  can  predict  with  a  considerable  degree  of  accuracy, 
without  inspecting  the  quarry  or  examining  buildings  of  long^ 
standing,  the  results  of  exposure  to  the  atmosphere.  Owners 
of  new  quarries  ought  not  to  anticipate  a  very  extensive  sale 
for  their  stone,  before  it  has  been  thoroughly  tested  in  the  labor- 
atory. Before  extensively  opening  a  quarry,  the  characteris- 
tics of  the  stone  ought  to  be  carefully  determined  by  a  complete 
series  of  laboratory  tests.  Architects  and  builders  should 
rightly  demand  that  any  stone,  which  they  use,  be  thoroughly 
tested.  No  little  danger  often  arises,  because  the  precaution 
of  having  stone  tested  before  being  used,  has  been  neglected. 
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Quarrymen  as  well  as  architects  neglect  laboratory  tests  in  the 
rush  to  place  their  stone  upon  the  market.  Through  the  in- 
herent desire  in  our  people  to  "build  a  city  in  a  day"  they  defer 
the  testing,  "trust  to  luck/J  and  "guess  it  will  last  as  long  as  I 
live."  Not  until  the  buildings  begin  to  look  shabby  and  show 
signs  of  decay,  do  they  stop  to  consider  the  value  it  would  have 
been  to  have  had  the  stone  previously  tested.  For  these  reasons 
the  most  valuable  part  of  this  report,  to  builders  and  contrac- 
tors will  be  Part  II.,  Chapter  VIII.,  which  is  a  complete  discus- 
sion of  the  physical  tests  performed  in  the  preparation  of  this  re- 
port 

The  important  laboratory  tests  may  be  considered  under 
three  general  heads,  viz. :  1.  Chemical ;  2.  Microscopical ;  3. 
Physical 

CHEMICAL. 

By  means  of  chemical  analysis  one  may  determine  the  exact 
composition  of  a  rock  in  terms  of  the  elements  that  compose  it* 
The  presence  and  relative  amount  of  any  deleterious  substance 
may  be  ascertained  by  such  an  analysis.  For  example,  it  is 
possible,  by  chemical  analysis  to  determine  the  presence  of  fer- 
rous iron  in  distinction  from  ferric  iron.  The  percentage  of 
magnesium  carbonate  in  a  limestone  can  be  determined  only  by 
a  chemical  analysis.  The  presence  of  argillaceous  material, 
and  the  proportion  which  it  bears  to  the  total  mass,  can  best  be 
determined  by  this  method.  In  general,  the  only  means  at 
hand  to  determine  accurately  the  composition  of  a  rock  is  by 
chemical  analysis.  Thus  it  is  plain  that  the  chemical  analysis 
is  a  valuable  and  often  indispensable  auxiliary  in  the  consid- 
eration of  the  qualities  of  a  building  stone. 

MICROSCOPICAL. 

Much  may  be  learned  of  the  structure,  mineralogical  compo- 
sition, and  general  character  of  most  rocks  by  a  careful  examin- 
ation of  the  hand  specimen,  esnecially  with  the  aid  of  a  hand 
-fens.     Structures  are   brought  out  by   such   an   examination 
"^hich  might  otherwise  pass  unobserved.     This  method  is  quite 
.^L^tiaf actory  for  determining  the  main  constituents  of  the  very 
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coarse  grained  rocks^  but  most  rocks  are,  as  a  rule,  so  fine 
grained,  that  the  structures  and  mineralogical  composition  can 
only  be  accurately  determined  by  the  use  of  a  compound  micro- 
scope. For  this  purpose  thin  slices  are  cut  from  the  rock  sam- 
ple, ground  down  until  almost  transparent,  and  mounted  on  an 
object  glass,  for  inspection.^ 

The  microscopical  examination  is  of  much  greater  practical 
importance  and  less  expensive  than  the  chemical  analysis.  By 
means  of  the  microscope  and  thin  section,  one  can  determine 
the  two  most  important  factors  in  the  consideration  of  build- 
ing stone,  the  mineralogical  composition  and  the  state  of  aggre- 
gation. By  this  method  one  can  also  distinguish  very  readily 
the  unaltered  sedimentary,  igneous,  and  metamorphic  rocks. 
Each  mineral  has  its  peculiar  optical  characteristics  by  which 
ii  may  be  distinguished  from  its  associates.  Exceedingly  small 
mineral  particles  may  be  identified  by  the  aid  of  the  micro- 
scope. The  presence  of  impurities  may  be  recognized.  The 
closeness  with  which  the  grains  have  been  cemented,  the  kind 
and  amount  of  cement,  the  manner  in  which  the  grains  inter- 
lock, and  other  important  characteristics  may  be  determined  by 
a  careful  microscopical  examination  of  the  thin  section.  The 
relative  abundance  of  the  minerals,  and  even  the  chemical  com- 
position, can  be  roughly  estimated.  The  presence  of  cracks, 
strains,  gas  bubbles  in  quartz,  etc.,  may  be  detected,  and  if 
judicously  used,  such  observations  may  aid  in  estimating  the 
durability  and  stren^h  of  a  rock.  Cracks  and  strains  are 
thought  to  be  often  the  result  of  stresses  occasioned  by  cutting 
and  grinding  the  thin  section.  For  this  reason  such  observa- 
tions can  be  used  only  with  a  limited  degree  of  certainty.  It  is 
still  a  question  as  to  how  great  danger  from  exterme  heat  a 
stone  may  be  in  due  to  the  presence  of  numerous  gas  bubbles. 

The  greater  significance  of  the  mineralogical  composition 
over  the  chemical,  makes  the  microscopical  examination  of  rela- 
tively greater  importance.     It  is  our  purpose  to  give  careful 

'  For  a  description  of  the  method  employed  in  cutting  these  sections  of 
rock,  see  "Microscopical  Physiography  of  Rock-Making  Minerals,"  by 
Bosenbusch-Iddings,  pp.  1-3. 
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attention  to  the  microscopical    examination  of   the   different 
building  stones,  described  in  succeedinpr  pages. 

PHYSICAL  TESTS. 

The  purpose  of  the  physical  tests  is  to  determine  by  artificial 
methods  the  strength  of  the  stone  and  the  capacity  which  it  ac- 
tually possesses  to  resist  the  destructive  forces  which  are  en- 
<5o\mtered  in  actual  use.  In  a  country  where  buildings  are 
new  and  the  stone  has  not  been  in  use  for  any  considerable 
time,  it  is  necessary  to  resort  to  artificial  means  of  determining 
the  strength  and  durability  of  the  stone.  On  account  of  the 
improper  methods  of  quarrying,  handling,  dressing,  and  laying 
which  are  practiced  in  many  places,  one  often  hesitates  to  take 
the  signs  of  decay  in  buildings,  as  evidence  of  inherent  weak- 
ness in  the  stone,  and  he  must  turn  to  the  physical  tests,  per- 
formed in  the  laboratory,  as  a  more  rational  basis  for  judg- 
ment. 

It  is  a  simple  matter  to  determine  the  strength  of  a  stone,  but 
difficulty  is  experienced  in  artificially  estimating  the  durabil- 
ity. The  difficulty  arises  from  the  impossibility  of  placing  the 
stone  under  conditions  exactly  similar  to  those,  which  the  stone 
experiences  in  actual  use.  The  natural  conditions  change  each 
day,  and  instead  of  one,  there  are  generally  several  of  the  many 
forces  operating  at  the  same  time.  Moreover,  it  is  not  prac- 
ticable to  attempt  the  measurement,  quantitative  or  qualita- 
tive, of  the  actual  changes  produced  by  normal  atmospheric 
conditions.  It  is  necessary  to  exaggerate  normal  conditions, 
€0  that  there  will  be  accomplished  in  a  brief  period  of  time, 
what  is  accomplished  during  a  long  period  imder  ordinary 
<5onditions. 

In  order  to  ascertain  the  strength  and  durability  of  a  stone, 
it  should  be  subjected  to  the  following  tests : 

A,     Strength  Tests, 

1.  Crushing  strength. 

2.  Transverse  strength.     Modulus  of  rupture. 

3.  Modulus  or  coefficient  of  elasticity. 
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B.     Durability  Tests. 

1.  Specific  gravity. 

2.  Porosity. 

3.  Weight  of  the  stone  per  cubic  foot. 

4.  Effect  of  extreme  heat. 

5.  Effect  of  alternate  freezing  and  thawing. 

6.  Action  of  carbonic  acid  gas. 

7.  Action  of  sulphurous  acid  fumes. 

Strength  Tests. 

Crushing  Strength — The  principal  test  which  has  been  em- 
ployed up  to  the  present  time,  for  determining  the  suitability 
of  a  stone  for  any  particular  use,  has  been  the  compressive  or 
crushing  strength  test.  Many  quarrymen  do  not  know  that  it 
is  possible  to  determine  artificially  any  of  the  other  qualities  of 
a  stone.  A  high  crushing  strength  is  often  taken  as  certain 
evidence  of  the  durability  of  a  stone,  and  the  relative  durabil- 
ity of  different  stones  has  often  been  measured  by  a  comparison 
of  their  crushing  strength.  This  is  a  gross  mistake,  for  not  in- 
frequently a  stone,  having  a  low  crushing  strength,  is  more  dur- 
able than  others  which  are  stronger. 

In  the  absence  of  the  other  tests  the  value  of  the  crushing 
strength  test  has  been  greatly  overestimated.  It  has  been  com- 
puted that  the  stone  at  the  base  of  the  Washington  Monument, 
the  highest  structure  in  the  world,  sustains  a  maximum  pres- 
sure of  22.658  tons  per  square  foot,  or  314.6  lbs.  per  square 
inch.  Certain  contractors  require  a  stone  to  withstand  twenty 
times  the  pressure  to  which  it  will  be  subjected  in  the  wall, 
while  others  only  require  ten  times  that  pressure.  Even  if  re- 
quiring a  factor  of  safety  of  twenty,  the  strength  required  for  a 
stone  at  the  base  of  this  monument  would  be  only  6,292  lbs.  per 
square  inch.  The  pressure  at  the  base  of  our  tallest  building 
can  scarcely  exceed  one-half  that  at  the  base  of  the  monument, 
or  157.3  lbs.  per  square  inch.  According  to  the  above  estimate, 
stone  used  in  the  tallest  buildings  does  not  require  a  compres- 
sive strength   above   3,146   lbs.    per   square   inch.     There   is 
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scarcely  a  building  stone  of  importance  in  the  country  that 
does  not  give  a  higher  test  than  this.  Ordinary  building  stone 
has  from  two  to  ten  times  the  maximimi  required  crush- 
ing strength.  A  stone,  having  a  crushing  strength  of  5,000 
lbs.  per  square  inch,  is  sufficiently  strong  for  any  ordinary 
building. 

It  is  difficult  to  say  just  how  the  strength  of  a  stone  will  be 
effected  by  long,  continued  pressure  much  below  its  ultimate 
strength.  We  know  that  the  cumulative  effect  of  hammer 
blows  in  one  place  on  a  rock  will  finally  break  it,  and  that  a 
stone  which  has  been  placed  under  heavy  stresses  and  relieved 
will  not  stand  its  average  maximum  load  when  placed  under 
the  same  stresses  a  second  time.  The  question  which  natur- 
ally arises  then,  is  to  what  extent  will  constant  pressure  lower 
the  crushing  strength  of  a  rock  ?  Or  will  its  capacity  to  with- 
stand pressure  remain  constant  after  it  becomes  adjusted  to  the 
new  conditions  ?  These  are  questions  to  which  I  am  unable  to 
give  any  satisfactory  reply.  There  appear  to  have  been  no  ex- 
periments performed  to  ascertain  the  result  of  constant  and 
prolonged  pressure  on  building  stone,  but  it  is  thought  that  ex- 
periments in  this  direction  would  prove  not  only  interesting 
but  also  profitable. 

Further,  there  are  no  data  by  which  we  can  estimate  the  re- 
sult of  high  temperatures  on  the  crushing  strength  of  rocks.  Is 
it  not  possible  that  in  the  large  fires  of  the  cities,  the  pressure 
of  the  superincumbent  wall  may  increase  the  cracking  and  ex- 
foliation in  the  lower  courses,  produced  by  the  intense  heat  ? 

The  main  value  of  the  compressive  test  is  in  indicating  the 
purpose  to  which  a  particular  stone  is  best  suited.  In  the  case 
of  arches,  the  great  pressure  combined  with  an  unequal  dis- 
tribution of  the  load,  often  causes  them  to  crack.  In  very 
large  buildings,  single  columns  and  blocks  are  often  required 
to  carry  huge  masses  of  superstructure.  Bridge  trusses  are 
often  supported  on  blocks  of  stone,  on  which  all  the  pressure  of 
the  superstructure  is  concentrated.  In  all  these  cases  a  stone 
is  required  which  has  a  relatively  high  crushing  strength. 

The  actual  strength  of  a  stone  can  only  be  determined  by 


go  THE   BUILDING   STONES   OF  WISCONSIN. 

carefully  executed  laboratory  tests.  We  cannot  draw  conclu- 
sions, regarding  the  strength  of  a  stone,  from  the  examples  of 
cracking  or  breaking  observed  in  the  walls  of  buildings.  Prof. 
Hall,  writing  on  this  point  says :  "A  little  inequality  in  the  bed- 
ding may  produce  such  a  result  (breaking  or  cracking),  when, 
if  evenly  bedded,  the  stone  would  have  borne  many  times  the 
load  it  has  sustained.  In  a  large  and  heavy  building  it  is  all 
important  that  the  foundations  be  firm  and  unyielding,  for  on 
this  depends  the  integrity  of  the  entire  structure.  Beyond  this 
it  is  important  that  the  stone  be  evenly  cut  so  that  the  bed  of 
each  succeeding  block  should  rest  evenly  on  the  one  below  it. 
From  an  inequality  in  dressing  two  adjacent  blocks,  ...  I 
have  seen  the  superincumbent  block  of  granite  cracked  quite 
through."^ 

Such  cracking  is  obviously  not  due  to  any  weakness  in  the 
stone,  but  to  the  manner  of  laying,  in  which  the  central  portion 
of  the  block  was  unsupported  and  subject  to  abnormal  stresses. 

To  obtain  the  crushing  strength  of  a  rock  it  is  customary  to 
use  cubes  that  are  approximately  2"x2"x2".  Gen.  Gilmore 
performed  experiments  to  show  that  the  crushing  strength  per 
unit  of  area  varied  with  the  size  of  the  cube  tested,  and  con- 
structed an  empirical  formula  for  the  purpose  of  reducing  all 
tests  to  crushing  strength  per  square  inch  on  two  inch  cubes. 
It  has  lately  been  shown  that  Gen.  Gilmore's  formula  does  not 
hold  in  practice,  but,  on  the  contrary,  that  the  crushing 
strength  per  square  inch  is  constant,  irrespective  of  the  size  of 
the  cube  tested. 

The  care  used  in  the  preparation  of  the  cubes  influences  very 
materially  the  results  of  any  series  of  tests.  Cubes  that  are 
prepared,  either  with  a  hammer  or  a  chisel,  are  often  shattered, 
through  the  production  of  cracks  and  loosening  of  the  grains. 
Cubes  that  are  prepared  by  sawing  or  rubbing  will  show  a  much 
higher  crushing  strength  than  those  prepared  with  the  hammer 
or  chisel. 

In  the  preparation  of  this   report  approximately  two  inch 

*  Thirty-ninth  Annual  Report  of  the  New  York  Museum  of  Natural  His- 
tory.   Report  on  Building  Stones,  by  Prof.  James  Hall,  pp*  213-214. 


STRENGTH    TESTS.  61 

cubes  were  used  for  the  crushing  strength  tests.  In  some  in- 
stances the  cubes  were  prepared  by  sawing  or  rubbing  at  the 
mills  where  the  quarries  are  located ;  but  owing  to  lack  of  fa- 
cilities, it  was  necessary,  in  a  number  of  instances,  to  prepare  the 
cubes  in  the  laboratory  of  the  University  of  Wisconsin.  The 
details  of  the  method  employed  in  the  preparation  of  the  cubes 
is  omitted  as  being  unessential.  The  cubes  were  sawed  from 
blocks  which  were  free  from  any  perceptible  imperfection,  and 
afterwards  the  bearing  faces  were  rubbed  down  until  they  were 
smooth  and  as  nearly  parallel  as  the  facilities  at  hand  for  rub- 
bing would  allow. 

After  the  cubes  were  prepared  they  were  allowed  to  dry  be- 
fore bein^  placed  in  the  testing  machine.  In  order  to  distrib- 
ute the  load  more  evenly  thin  strips  of  blotting  paper  were  in- 
serted between  the  bearing  faces  and  the  steel  plates.  The 
cubes  were  crushed  at  the  University  of  Wisconsin  and  Purdue 
University,  Lafayette,  Indiana,  mainly  in  100  and  300  thou- 
sand pound  Eiehle  testing  machines.  During  the  test,  the  com- 
pression due  to  each  increment  of  500  or  1,000  pounds  was  ob- 
tained  by  means  of  an  Olson  compressometer.  From  these 
readings  the  modulus  of  elasticity  was  computed.  The  load  at 
which  the  cubes  were  first  cracked,  as  well  as  the  ultimate 
strength,  was  carefully  noted.  The  manner  in  which  the 
cubes  broke,  quietly  or  explosively,  and  the  perfection  of  the 
pyramids,  were  also  recorded.  From  the  ultimate  strength  of 
the  sample  the  crushing  strength  in  pounds  per  square  inch  was 
computed.  The  results  of  these  tests  will  be  found  in  Part  IL, 
Chapter  VIII.,  Table  II. 

Transverse  Strength — The  transverse  strength  of  building 
stone  is  of  far  greater  importance  in  masonry  construction  than 
would  be  supposed  by  the  very  meager  data,  which  are  obtain- 
able from  the  numerous  building  stone  reports  which  have  al- 
ready been  issued.  The  broken  lintels,  caps,  and  sills  which 
are  so  conspicuous  in  many  of  the  larger  buildings  in  this  coun- 
try, indicate  the  necessity  for  a  more  careful  use  of  stone  for 
these  and  similar  positions  in  a  wall.  On  the  other  hand  it 
must  not  be  supposed  that  each  sill  or  cap  that  is  broken  demon- 
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strates  the  unsuitable  character  of  the  stone  thus  used.  Sills 
and  caps  may  break  on  account  of  various  other  causes,  among 
which  are  unequal  settling  of  the  wall  and  improper  laying  of 
the  stone. 

Many  building  stones,  that  are  perfectly  suited  to  withstand 
the  compressive  stresses  in  the  body  of  a  wall,  have  such  a  low 
modulus  of  rupture  as  to  be  unfit  for  use  in  position  where  a 
high  transverse  strength  is  necessary.  In  order  to  escape  possi- 
ble  dangers  from  this  direction,  it  is  customary,  especially  in  the 
heavier  buildings,  to  arch  the  doors  and  windows.  By  this 
method  the  load  is  distributed,  and  the  danger  of  rupture, 
through  unequal  stresses  or  inherent  weakness  of  the  stone,  is 
largely  avoided. 

For  the  purpose  of  obtaining  the  transverse  strength  of  the 
Wisconsin  building  stone,  specimens  having  a  cross  section  of 
approximately  one  inch,  and  a  length  of  from  4  to  7  inches, 
were  carefully  prepared  and  measured  in  the  laboratory  of  the 
University  of  Wisconsin.  They  were  then  broken  in  an  Olson 
testing  machine  and  the  modulus  of  rupture  computed  from  the 
following  formula: 

W  =  — 51 —  R,  from  which 

W  =  concentrated  load  at  center  in  pounds, 
b  i=  breadth  in  inches, 
d  =  depth  in  inches. 
1  =  len^h. 
B  ==:  modulus  of  rupture  in  lbs.  per  sq.  in. 

The  manner  and  place  in  which  the  specimens  broke  were 
each  carefully  recorded,  and  will  be  found  in  Part  II.,  Chapter 
VIIL,  Table  III. 

Modulus  of  Elasticity — The  modulus  of  elasticity  is  synon- 
ymous with  coefficient  of  elasticity,  and  is  sometimes  defined  as 
the  weight  that  would  be  required  to  stretch  a  rod  one  square 
inch  in  section  to  double  its  length.  It  is  generally  expressed 
in  pounds  per  square  inch.     It  is  'Valuable  in  determining  the 
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■effect  of  combining  masonry  and  metal,  of  joining  different 
kinds  of  masonry,  or  of  joining  new  masonry  to  old ;  in  calcu- 
lating the  effect  of  loading  a  masonry  arch;  in  proportioning 
abutments  and  piers  of  railroad  bridges  subject  to  shock,  etc" 
(Baker.) 

The  modulus  of  elasticity  was  computed  for  a  large  nimiber 
of  the  samples  for  which  the  crushing  strength  was  obtained. 
In  performing  the  crushing  strength  tests,  the  amount  of  com- 
pression for  each  increment  of  500  to  1,000  pounds  pressure 
was  obtained  by  use  of  a  compressiometer,  and  recorded  up  to 
the  limit  of  elasticity,  and  from  these  data  the  modulus  of 
elasticity  was  computed.  The  results  recorded  in  the  table  are 
undoubtedly  lower  than  they  should  be,  on  account  of  the  in- 
sertion of  thin  strips  of  blotting  paper  between  the  bearing 
faces  and  the  plates. 

Durability  Tests. 

Specific  Gravity. — The  determination  of  the  density  or  spe- 
cific gravity,  although  not  the  most  important,  is  probably  the 
first  durability  test  which  should  be  performed.  This  is 
found  by  comparing  the  weight  of  the  stone  with  the  weight 
of  an  equal  volume  of  water.  A  number  of  different  methods 
have  been  employed  to  obtain  this  relation,  the  most  com- 
mon of  which  is  probably  that  employed  by  Gen.  Gil- 
more.  He  first  weighed  the  samples  in  air,  then  immersed 
them  in  water,  and,  allowing  all  the  bubbles  to  be  given  off, 
he  weighed  them  suspended  in  water.  Taking  them  out 
of  the  water,  he  dried  them  with  blotting  paper  and  weighed 
them  again  in  air.  Subtracting  the  weight  in  water  from 
this  last  weight,  he  determined  the  specific  gravity  by  di- 
viding the  weight  of  the  dry  stone  by  the  difference.  This 
method  appears  to  be  faulty  in  several  particulars.  First,  to 
obtain  the  dry  weight,  samples  of  stone  must  be  heated  to  a 
temperature  of  110°  C.  At  a  lower  temperature  than  this  the 
interstitial  water  is  not  entirely  driven  off.  Second,  the  cor- 
rect weight  of  the  samples  in  water  can  only  be  obtained  after 


g4  THE    BUILDING    STONES    OF    WISCONSIN. 

they  have  been  completely  saturated.  A  sample  is  certainly 
not  completely  saturated  by  simply  allowing  it  to  remain  in 
water  until  bubbling  ceases.  Third,  the  true  difference  is  the 
difference  in  the  weight  of  the  dry  sample  (not  the  wet), 
weighed  in  air  and  the  weight  of  the  saturated  sample  sus- 
pended in  water. 

The  method  employed  at  Rose  Polytechnic  Institute,^  is  to 
weigh  the  sample  in  air  and  then  in  water  as  quickly  as  possi- 
ble, and  divide  the  weight  in  air  by  the  loss  of  weight  in  water. 
This  method  is  faulty,  because  the  correct  weight  in  air  can 
only  be  had  after  all  the  interstitial  water  has  been  expelled. 
Further,  the  correct  weight  of  the  sample  suspended  in  water 
can  be  obtained  only  after  the  sample  has  been  completely  sat- 
urated. A  third  method  is  that  which  is  commonly  known  as 
the  specific  gravity  bottle.  By  this  method  ^'a  small  bottle  is 
weighed,  filled  with  distilled  water  and  weighed  again.  The 
bottle  is  then  emptied,  dried,  the  powdered  stone  put  in,  and  re- 
weighed.  These  weights  give  the  weight  of  the  stone  and  the 
weight  of  the  bottle  full  of  water.  The  bottle  containing  the 
sample  is  partly  filled  with  water  and  suction  applied  to  ex- 
haust the  air  bubbles,  the  filling  completed,  and  another  weight 
taken."^  The  specific  gravity  is  then  computed  by  dividing 
the  weight  of  the  stone  by  the  weight  of  the  water  displaced  by 
the  stone.  By  this  method  errors  are  more  liable  to  creep  in, 
through  careless  manipulation,  than  by  other  methods,  but 
when  sufficient  care  is  exercised  the  method  gives  more  nearly 
the  required  results  than  those  previously  outlined. 

The  determinations  made  in  the  laboratory  of  the  University 
of  Wisconsin,  in  preparation  for  this  report,  were  obtained  by 
a  somewhat  different  method  than  any  of  the  preceding.  It 
was  recognized  that  the  true  specific  gravity  of  a  rock  can  only 
be  obtained  by  weighing  the  samples  in  air,  at  a  definite  tem- 
perature, after  all  the    interstitial    water    has  been  expelled; 

>  The  Building  Materials  of  Pennsylvania;  Brownstones:    Appendix  to 
the  Annual  Report  of  Penn.  State  Ck>llege,  1896,  p.  27,  T.  C.  Hopkins. 
« Ibid.,  p.  26. 
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then  weighing  them,  completely  saturated  with  water,  in  water ; 
and  finally  dividing  the  weight  in  air  by  the  difference.     It 
is  very  true   that  these  ideal  conditions  of   absolute   freedom 
:f  rom  interstitial  water  in  the  one  case,  and  complete  saturation 
in  the  other,  are  difficult  to  obtain.     But  by  sufficient  care,  it 
is  thought  that  these  conditions  can  be  nearly  attained.     All  the 
moisture  cannot  be  driven  off  from  the  samples  of  stone  by  heat- 
ing to  a  temperature  of  100°  C.       Two   inch  cubes  must  be 
dried  in  a  hot  air  bath  at  a  temperature  of  110°   C.   for 
twenty-four  hours   before   the    included   water   will   be  prac- 
tically all  expelled.     It  is  not  possible  to  completely  saturate  a 
sample  by  quickly  immersing  it  in  cold  water.     The  water  will 
pass  into  the  sample  from  all  directions  and  enclose  small  air 
bubbles,  which  can  only  be  expelled  with  the  greatest  difficulty. 
If,   as  in  the  method  employed   in  this   report,  the  cubes  are 
slowly  immersed  from  the  bottom  to  the  top  in  boiling  water, 
imder  the  receiver  of  an  air  pump,   in  which  the  pressure  is 
maintained  for  72  hours  at  less  than  1-10  of  an  atmosphere,  the 
probabiKty  is  that  the  samples  will  be  saturated. 

The  samples  used  in  making  the  determinations  recorded  in 
this  report  were  cubical  in  shape,  and  weighed  from  42  to  393 
grains.  The  majority  of  the  samples  were  two  inch  cubes 
similar  to  those  used  in  making  the  other  tests.  The  samples 
were  carefully  washed  and  cleaned  and  heated  in  a  hot  air  bath 
to  a  imiform  weight,  at  a  temperature  of  110°  C.  The  weight 
was  recorded  in  grammes  to  the  second  decimal  place.  The 
samples  were  then  placed  in  a  large  bottle  in  which  the  cork 
was  tightly  sealed.  (See  Fig.  1,  p.  66.)  The  bottle  was  then 
placed  in  a  water  bath  which  was  kept  at  a  temperature  of  100° 
C  The  air  was  exhausted  from  the  bottle  by  means  of  an  air 
pump,  until  the  pressure  within  the  bottle,  as  indicated  by  the 
manometer  attachment,  was  reduced  to  at  least  a  twelfth  of  an 
atmosphere.  Under  these  conditions  the  bottle  would  become 
partly  filled  with  water  vapor  which  would  make  the  amount  of 
air  in  the  bottle  less  than  that  recorded  by  the  manometer.  The 
density  of  the  air  contained  within  the   pores  of  the  samples 

'Would  thus  be  the  same  as  that  within  the  bottle,  or  about  1-12 
5 
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of  what  it  would  be  under  normal  conditions.  Under  these  con- 
ditions the  replacement  of  the  air  by  water,  in  the  pores  of 
the  rock,  would  meet  with  less  resistance  than  under  ordinary 
conditions.  In  order  to  provide  for  thje  passage  of  water  into 
the  bottle  a  piece  of  glass  tubing  was  inserted  through  the  cork. 
A  rubber  tube,  which  extended  to  the  bottom  of  the  bottle,  was 
attached  to  the  inside  end  of  the  glass  tube,  and  another,  which 
was  attached  to  the  exterior  end  of  the  glass  tube,  terminated 
in  a  basin  of  distilled  water  heated  to  a  temperature  of  100°  C. 


APPAKATUS  OtVTSCO  FOU  8ATURATINO  tAMPLI*  OT  ITOMI. 

Pig.  1. 


A  Stop  cock  cut  off  communication  between  the  interior  of  the 
bottle  and  the  basin  of  water.  Upon  operating  the  stop  cock 
and  starting  the  air  pump,  it  was  possible  to  keep  the  pressure 
in  the  bottle  nearly  constant,  and  at  the  same  time  draw  any 
desired  amount  of  water  into  the  bottle.  In  this  manner 
water  was  slowly  fed  into  the  bottle  until  the  samples  were  en- 
tirely immersed.  By  this  process  of  slow  feeding  from  the 
bottom^  the  water  meets  with  the  least  possible  resistance  in  as- 
cending, and  replacing  the  air,  in  the  pores  of  the  rock. 

The  above  conditions  are  thought  to  be  the  most  favorable 
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under  which  the  samples  could  be  successfully  saturated. 
After  allowing  the  samples  to  remain  in  the  bottle  under  a 
pressure  of  about  1-12  of  an  atmosphere  for  36  hours  they 
were  removed  and  weighed.  These  weightsi'  were  recorded, 
and,  in  order  to  be  certain  that  there  would  be  no  appreciable 
increase  in  absorption  by  continued  soaking,  the  cubes,  with- 
out drying,  were  returned  to  the  empty  bottle,  which  was  again 
sealed  and  the  process  repeated.  The  samples  were  allowed 
to  remain  in  the  bottle  under  similar  conditions  as  before,  for 
another  period  of  36  hours,  when  they  were  weighed  a  second 
time  and  their  weights  recorded.  A  comparison  of  the  two 
series  of  weights,  as  given  in  Part  II.,  Chapter  VIII.,  Table  V., 
indicates  that  in  most  cases  there  was  no  very  appreciable  ab- 
sorption during  the  last  36  hours'  soaking. 

To  weigh  the  saturated  samples  they  were  placed  in  an 
earthenware  vessel,  immersed  in  distilled  water,  and  thus  trans- 
ferred to  the  weighing  room.  After  removing  the  samples 
from  the  basin,  the  film  of  water  adhering  to  the  surface  was 
removed  by  means  of  bibulous  paper,  and  the  sample  trans- 
ferred to  the  scale  pan,  and  quickly  weighed.  The  samples,  it  is 
true,  lost  a  small  amount  of  water  through  evaporation,  but  not 
enough  to  alter  the  results  appreciably.  After  the  final 
weighing  was  made  to  determine  the  saturation,  the  samples 
were  suspended  by  a  silk  thread  in  distilled  water,  and  again 
weighed.  These  weights  were  recorded  and  the  specimens 
transferred  to  a  hot  air  bath,  where  they  were  again  heated  at 
a  temperature  of  110°  C.  to  drive  off  the  interstitial  water. 
After  heating  at  this  temperature  for  about  24  hours,  the  sam- 
ples were  again  weighed  and  the  weights  recorded  for  com- 
parison with  the  first  dry  weights.  In  some  cases  the  second 
dry  weight  was  identical  with  the  first  to  a  hundredth  of  a 
gram.  In  but  very  few  instances  did  the  weights  vary  over 
2-10  of  a  gram,  which  would  be  an  error  of  only  1-800  to 
1-1500  of  the  total  weight,  or  1-100  of  the  increase  in  weight. 
When  reckoned  in  per  cent.,  the  error  would  be  such  a  small 
fraction  of  1  per  cent,  as  not  to  be  worthy  of  attention.  The 
specific  gravity  was    determined    by  dividing  the  average  of 
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the  two  dry  weights  by  the  difference  between  the  average  dry 
weight  and  the  weight  of  the  cube  suspended  in  water.  The 
results  are  recorded  in  Part  II.,  Chapter  VIII.,  Table  V. 

Porosity. — T^e  percentage  of  pore  space  in  a  rock  is  ordi- 
narily known  as  its  porosity.  This  is  ordinarily  determined 
by  finding  the  percentage,  which  the  amount  of  water  absorbed 
by  the  sample  bears  to  the  total  mass.  But  the  weight  of  the 
water  absorbed,  compared  with  the  weight  of  the  dry  sample, 
does  not  give  the  pore  space.  In  order  to  obtain  the 
volume  relation,  the  weight  of  the  absorbed  water  should 
be  multiplied  by  the  specific  gravity  of  the  rock,  which 
computation  naturally  increases  the  result.  Following  the 
general  law  enunciated  by  Hunt,  that  "the  value  of  a  stone  for 
building  purposes  is  inversely  as  its  porosity,"  it  has  appar- 
ently been  the  policy  of  those  who  have  reported  on  building 
stones  for  their  respective  states,  to  avoid  any  computation 
which  would  apparently  result  in  increasing  the  porosity  of 
the  building  stone  which  they  were  testing.  In  another  part  of 
this  report  (cf.  pp.  20-23), I  have  shown  that  the  ratio  of  absorp- 
tion or  porosity  does  not  indicate  the  value  of  the  stone  for  build- 
ing purposes,  except  when  the  more  important  factor  of  the  size 
of  the  interspaces  is  taken  into  consideration.  Besides  being 
valuable  in  estimating  the  danger  from  f reezng  and  thawing  of 
the  interstitial  water,  the  porosity  "affords  an  index  to  the  var- 
ious chemical  actions  of  solution,  oxidation,  etc.,  since  the 
chemical  elements  which  produce  these  changes  are  mainly 
carried  into  the  stone  by  the  water  absorbed."^ 

The  method  of  obtaining  the  porosity  ordinarily  employed 
is  as  follows :  The  sample  to  be  tested  is  heated  at  a  temper- 
ature of  100°  C.  to  drive  off  the  moisture.  After  cooling,  the 
sample  is  weighed,  and  then  slowly  immersed  in  distilled  water. 
After  bubbles  cease  to  be  given  off  the  sample  is  removed  from 
the  water,  and  the  surfaces  quickly  dried  with  bibulourf 
paper,  after  which  the  specimen  is  again  weighed.  The  dif- 
ference in  weight  gives  the   increase  due  to  the  absorption  of 

1  Iowa  Building  Stone,  by  H.  F.  Bain:  Ann.  Report  of  the  Iowa  Geolog- 
ical Survey.  Vol.  VIII.,  1896,  p.  i05. 
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water.     This  difference    divided   by   the   weight    of  the  dry 
stone  is  called  the  porosity,  or  ratio  of  absorption. 

Several  errors  are  apparent  in  the  method  outlined  above* 
At  100°  C.  the  interstitial  water  is  not  completely  expelled. 
As  was  stated  above,  in  order  to  expel  the  moisture  from  sam- 
ples of  stone,  it  is  necessary  that  they  be  subjected  to  a  tem- 
perature of  110°  C.  Further,  samples  of  stone  cannot  be  com- 
pletely saturated  "by  immersing  in  distilled  water  until  bub- 
bles cease  to  be  given  off."  Finally,  as  has  been  previously 
explained,  the  porosity  or  pore  space  can  not  be  obtained  by 
dividing  the  weight  of  the  dry  specimen  by  the  increased  weight 
due  to  absorption.  By  this  method  one  obtains  a  result  which 
had  better  be  called  the  ratio  of  absorption,  because  it  is  not  the 
porosity. 

In  obtaining  the  porosity  of  the  samples  tested  in  this  re- 
port, the  dry  and  saturated  weights  obtained  for  the  samples 
used  in  computing  the  specific  gravity,  were  used.  The  dif- 
ference in  these  weights  was  multiplied  by  the  specific  gravity 
of  the  rock.  This  amount  was  added  to  the  dry  weight,  giving- 
the  sum.  The  difference  of  the  dry  and  saturated  weights 
multiplied  by  the  Sp.  Gr.  of  the  rock,  was  then  divided  by  the* 
sum.  This  last  result  is  the  actual  percentage  of  pore  spaoa 
compared  with  the  volume  of  the  sample  tested.  The  results, 
obtained  for  all  the  samples  tested  will  be  found  in  Part  11.^ 
Chapter  VIII.,  Table  V.  The  ratio  of  absorption  computed  by 
the  ordinary  method  is  given  in  another  column  of  the  same- 
table  for  comparison.  It  is  thought  that  the  results  here  ob-^ 
tained  are  more  nearly  correct  than  those  ordinarily  given. 

Weight  of  the  Stone — Ordinarily  the  weight  of  stone,  as  it 
is  taken  from  the  quarry,  depends  upon  its  specific  gravity,, 
the  amount  of  pore  space,  and  the  water  content.  The  only 
fluctuating  quantity  for  any  particular  stone  is  the  water  con- 
tent. This  will  differ  largely  in  the  more  porous  rocks,  depend- 
ing upon  the  thoroughness  with  which  the  rock  has  been  sea- 
soned, and  whether  or  not  it  has  absorbed  fresh  water  since  being- 
taken  from  the  quarry.  Any  determinations  of  the  weight  per 
cubic  foot  of  a  stone,  which  include  an  indefinite  quantity  of  in- 
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terstitial  water  are  unsatisfactory.  Weights  thus  obtained  de- 
pend upon  a  number  of  conditions,  a  change  in  any  one  of  which 
^ill  give  a  different  result.  The  only  constant  weight  is  that  of 
the  dry  stone.  This  can  only  be  obtained  after  one  has  the  data 
used  in  computing  the  actual  percentage  of  pore  space  or  poro- 
sity. 

In  determining  the  weight  per  cubic  foot  of  the  different 
samples  of  stone  tested  in  this  report,  the  weight  of  a  cubic 
foot  of  water  was  multiplied  by  the  specific  gravity  of  the 
stone,  which  gives  the  weight  of  a  cubic  foot  of  stone  of  the 
^ven  specific  gravity,  provided  there  were  no  pore  spaces.  In 
order  to  obtain  the  actual  weight  there  was  deducted  from  this 
the  weight  of  a  quantity  of  stone,  of  the  same  Sp.  Gr.,  equal 
in  volume  to  the  percentage  of  pore  space  in  the  stone.  The 
result  was  the  actual  weight  of  the  stone  free  from  interstitial 
water.  The  weight  per  cubic  foot  of  the  different  stones  from 
Wisconsin  quarries  is  given  in  Part  II.,  Chapter  VIII.,  Table  V. 

Freezing  and  Thawing. — It  has  been  stated,  in  a  previous 
chapter,  that  one  of  the  active  agents  of  rock  disintegration,  is 
the  alternate  freezing  and  thawing  of  the  interstatial  water. 
The  results  of  this  process  are  seen  in  every  quarry  and  in  many 
"buildings.  It  is  difficult,  of  course,  to  measure  quantitatively 
these  results  as  they  occur  in  nature.  All  the  forces  of  disin- 
tegration are  acting  in  conjunction,  and  therefore  the  results 
oi  any  one  can  not  be  determined  with  any  degree  of  certainty. 

In  the  laboratory,  the  effect  of  freezing  and  thawing  can  be 
•determined  with  a  nearer  approach  to  accuracy  than  elsewhere. 
Here,  as  in  previous  experiments,  it  becomes  necessary  to  ex- 
^iggerate  very  largely  the  actual  conditions.  Stone,  after 
Ibeing  placed  in  a  wall,  is  seldom  thoroughly  saturated  with 
•water,  except  in  the  basement  near  what  is  kno^Ti  as  the 
■^Vater  line."  For  a  number  of  years  it  has  been  a  matter  of 
•dispute  among  engineers,  as  to  whether  a  stone  dam  was  per- 
meable to  water  or  not.  It  is,  of  course,  permeable,  but  the 
fact  that  the  amount  of  water  appearing  on  the  outer  face  of 
the  dam  was  so  small  as  to  raise  the  question,  indicates  the 
slowness  with  which  a  wall,  not  immersed  on  all  sides,  absorbs 
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water.  The  question  still  remains  as  to  whether  or  not  the  pores 
in  such  a  wall  are  filled  with  the  water  which  is  leeching  through. 
Kain,  beating  for  several  days  against  a  wall,  may  doubt- 
fully soak  into  the  rock  almost  to  the  point  of  saturation, 
but  then  only  in  exceptional  cases  will  the  temperature  con- 
ditions be  such,  that  the  water  in  the  stone  will  freeze  before 
it  has  been  partially  or  wholly  disssipated.  In  proportion 
as  the  interspaces  are  small  and  non-continuous,  the  longer 
will  the  water  be  retained  in  the  pores  of  the  rock,  and  the 
^eater  will  be  the  danger  from  freezing.  Cracks  and  crevices 
may  be  filled  with  water,  and  in  exceptional  cases  the  water  may 
freeze,  by  the  expansion  of  which  the  openings  will  be  enlarged. 

Two  methods,  known  as  the  natural  and  artificial,  have  been 
employed  to  determine  the  effect  of  alternate  freezing  and  thaw- 
ing, on  samples  of  building  stone.  The  natural  method  is  to 
soak  the  samples  with  water  ard  alternately  freeze  and  thaw 
them,  a  few  or  many  times,  at  the  convenience  of  the  operator. 
The  artificial  method  is  to  saturate  the  stone  with  a  boiling  solu- 
tion of  a  soluble  salt,  such  as  sodium  sulphate,  and  then  allow 
it  to  dry.  The  salt  crystallizes,  as  the  water  evaporates,  pro- 
ducing stresses  similar  to  those  produced  by  freezing  water. 
Luquer  discusses  this  method  in  detail  in  an  article  in  the 
Transactions  of  the  American  Society  of  Civil  Engineers,^  to 
which  the  reader  is  referred. 

The  artificial  method  was  not  given  serious  consideration  in 
the  preparation  of  the  tests  recorded  in  this  report,  in  view  of 
the  fact  that  the  samples  could  be  saturated  with  water  and 
frozen  under  conditons  which  are  more  nearly  in  accord  with 
those  which  actually  occur  in  nature. 

For  the  purpose  of  testing  the  freezing  capacity  of  stone 
from  the  Wisconsin  quarries,  one  inch  and  two  inch  cubes  were 
used.  The  tests  were  made  during  the  winter  months,  when 
the  temperature  outdoors  was  almost  uniformly  below  freez- 
ing. The  clean  samples  were  first  carefully  dried  in  a  hot- 
air  bath  at  a  temperature  of  110°  C.  and  weighed.  After 
being  saturated  in  distilled  water,  they  were  removed  to  an 

^Traiw.  Amer.  Soc.  C.  E.,  Vol.  XXXIII.,  1896,  p.  234-247. 
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outdoor  window-sill,  and  allowed  to  freeze  over  night.  The 
next  morning  they  were  brought  inside,  thawed  out,  and  placed 
in  warm  distilled  water  to  soak.  In  the  evening  they  were 
again  removed  to  the  window-sill.  This  process  was  continued 
for  35  days,  at  which  time  they  were  again  placed  in  the  hot- 
air  bath  and  dried.  They  were  weighed  a  second  time  and 
the  loss  of  weight  was  computed.  (See  Part  II.,  Chapter  YIII., 
Table  VI.)  The  two  inch  cubes  were  finally  tested  in  a  crush- 
ing machine  to  determine  their  compressive  strength.  These  re- 
sults will  be  found  in  the  same  table.  In  Table  VII.,  of  the 
same  chapter,  the  crushing  strength  is  compared  with  other  tests 
made  on  cubes  of  the  same  stone,  which  were  not  subjected  to  al- 
ternate freezing  and  thawing. 

Extreme  Heat. — In  the  larger  cities  one  of  the  essential 
qualities  of  a  good  building  stone  is  the  capacity  to  withstand 
extreme  heat.  In  the  conflagrations  from  which  many  of  our 
cities  have  suffered,  stone,  brick,  and  wooden  structures  have 
crumbled  alike.  Blocks  of  granite  have  been  broken  into  a 
thousand  pieces,  brick  walls  have  crumbled  into  shapeless 
masses,  while  iron  beams  and  girders  have  been  melted  and 
twisted  into  all  conceivable  shapes. 

Most  building  materials  may  be  destroyed  if  subjected  to  a 
very  high  heat.  Some  are  destroyed  at  a  comparatively  low 
temperature,  while  others  are  barely  affected  at  a  temperature 
above  the  melting  point  of  copper,  (1200°  F.).  Different 
building  stones  show  a  considerable  difference  in  the  capacity 
which  they  have  to  withstand  high  temperatures.  Other 
things  being  equal,  it  appears  that  a  rock  having  a  uniform 
texture  and  simple  mineralogical  composition  has  the  greatest 
capacity  to  withstand  extreme  heat.  It  is  known  that  rocks 
are  poor  conductors  of  heat,  and  for  this  reason  the  outer 
shell  of  a  block  may  be  very  highly  heated  while  the  interior 
remains  comparatively  cold.  If,  after  heating,  the  rock  be 
quickly  cooled  contraction  of  the  outer  shell  takes  place.  The 
differential  stresses  occasioned  thereby,  ruptures  the  rock  and 
the  outer  shell  is  thrown  off.  This  process  is  often  repeated, 
until  the  rock  is  entirely  destroyed.      As  has  been  previously 
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Stated  (cf.  p.  19),  the  extremes  of  temperature  during  24: 
hours,  in  some  of  the  arid  western  regions,  have  occasioned  the 
throwing  off  of  thousands  of  fragments  of  rock  from  the  moun- 
tain sides,  forming  immense  talus  slopes.  If  this  is  the  effect  of 
changes  in  the  diurnal  temperature,  one  can  readily  imagine 
the  effect  produced  on  the  walls  of  a  stone  building  by  the  ex- 
treme heat  of  a  conflagration.  The  disastrous  effects  are  nat- 
urally very  greatly  intensified  by  the  water  which  is  thrown 
upon  the  building  in  an  endeavor  to  extinguish  the  flames.  If 
the  fire  occurs  in  the  winter,  the  effect  is  still  further  intensi- 
fied by  the  freezing  of  the  water. 

The  danger  from  fire  is  being  lessened  each  year,  by  reduc- 
ing to  a  minimum  the  amount  of  inflammable  material  used 
in  construction.  Buildings  are  now  constructed,  which,  in 
themselves,  are  essentially  fire-proof.  In  the  case  of  large 
business  houses  the  structures  may  not  be  inflammable,  but  the 
interior  is  generally  packed  from  basement  to  roof  with  in- 
flammable materials,  which  in  case  of  fire  would  make  the 
structures  roarng  furnaces.  Provided  the  walls  are  con- 
structed of  stone,  w^hich  has  a  capacity  to  withstand  high  tem- 
peratures, not  only  will  the  loss  to  the  building  itself  be  less, 
but  the  spread  of  the  fire  may  be  more  easily  checked.  It  is 
therefore  important  that  one  should  know  something  of  the  de- 
gree of  heat  that  a  stone  will  stand,  without  injury,  before  it 
is  used  in  a  place  where  conflagrations  are  one  of  the  possibil- 
ities. Stone  from  certain  of  the  Wisconsin  quarries  has 
passed  through  some  very  severe  fires  without  serious  injury. 
From  these  examples  one  can  learn  something  of  the  capacity 
which  the  stone  has  to  withstand  extreme  heat.  But  in  lieu 
of  any  conflagration  tests,  the  laboratory  furnace  provides  an 
excellent  substitute. 

The  temperature  tests  embodied  in  this  report  were  per- 
formed by  placing  one  and  two  inch  cubes  in  a  muffle  furnace, 
and  gradually  increasing  the  temperature  from  600°  to  1500° 
r.  The  visible  effects  at  temperatures  between  600°  and 
1500°,  as  indicated  by  a  standard  pyrometer,  were  carefully 
noted.     At  a  temperature  of  1300°  to  1500°  F.  the  specimens 
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were  removed  from  the  furnace.  Most  of  them  were  allowed 
to  cool  gradually  while  several  were  suddenly  cooled  by  plung- 
ing them  into  cold  water.  The^  results  of  these  tests  are  given  in 
Part  II.,  Chapter  VIIL,  Table  X. 

Carbonic  Acid  Gas  and  Sulphurous  Acid  Fumes. — Limestone 
is  the  only  rock  which  is  materially  affected  by  the  action 
of  these  gases,  which  are  manifest,  mainly  in  the  large  cities, 
where  enormous  quantities  of  bituminous  coal  are  consumed. 
Experiments  were  performed  in  the  laboratory  to  ascertain  the 
effect  which  these  gases  have  on  the  different  Wisconsin  lime- 
stones and  dolomites.  The  tests  were  made  in  about  the  usual 
way.  Two  large  mouthed  bottles  were  obtained  and  in  the 
bottom  were  placed  several  smaller  bottles  containing  water, 
to  keep  the  atmosphere  moist.  The  small  samples,  (1  to  IJ 
in.  cubes),  were  heated  to  a  imiform  weight,  at  a  temperature 
of  110^  C,  and  weighed.  They  were  then  placed  in  the  large 
mouthed  bottles  and  the  corks  were  carefully  sealed.  Through 
each  of  the  corks  were  passed  two  small  glass  tubes,  to  the  ends 
of  which  rubber  tubing  was  attached.  Washed  carbon  dioxide 
was  then  passed  into  one  of  the  bottles,  and  washed  sulphur 
dioxide  into  the  other.  After  the  bottles  had  been  filled  with 
carbon  dioxide  and  sulphur  dioxide,  respectively,  the  tubing 
was  closed  by  means  of  pinch-cocks.  The  carbon  dioxide  and 
Bulphui*  dioxide  were  each  renewed  about  twice  a  week  through 
a  period  of  six  weeks.  The  samples  were  then  removed, 
washed  in  cold  distilled  water,  heated  at  110^  C,  until  all  in- 
cluded water  was  driven  off,  and  finally  weighed.  The  dif- 
ference in  weight  is  recorded  in  Part  II.,  Chapter  VIII.,  Tables 
VIII.  and  IX.  The  general  appearance  of  the  specimens  after 
the  treatment  is  also  given  under  the  heading  of  remarks. 

The  tests  on  the  samples  of  stone  from  the  different  Wiscon- 
sin quarries  are  discussed  at  length  in  Part  II.,  Chapter  VIII. 


PART  II. 


Geological  History  of  Wisconsin  and  De 
scription  of  Areas  and  Quarries. 


CHAPTER   I. 


A  BRIEF  GEOLOGICAL  HISTORY  OF  WISCONSIN. 

The  first  conception  that  we  have  of  the  North  American 
continent  is  that  it  existed  in  the  earliest  time  with  essentially 
the  same  outline  that  it  has  today.  During  this  primordial 
period  of  its  existence  the  earth's  crust  was  very  greatly  mod- 
ified through  orographic  movements  by  which  the  rocks  were 
profoundly  metamorphosed  and  complexly  folded.  The 
forces  of  degradation  began  their  work  as  soon  as  the  land  was 
sbove  the  sea,  and  rested  only  when  the  continent  had  been  en- 
tirely or  almost  reduced  to  sea  level.  Accompanying  the  oro- 
graphic movements  and  contemporaneous  with  the  period  of 
denudation,  molten  material  was  intruded  into  the  rocks  or 
extruded  from  the  surface,  complicating  and  modifying  the 
original  and  secondary  structures.  These  rocks  have  been  cut 
by  the  eruptive  and  intrusive  rocks  of  all  the  later  ages  in  a 
most  complicated  manner.  The  earliest  rocks  of  which  we 
bave  any  knowledge  are  known  as  the  Archean  or  Basement 
Complex.  None  of  the  rocks  in  the  Archean  are  of  known  sedi- 
imentary  origin.  They  consist  mainly  of  banded  and  schis- 
tose rocks  belonging  to  the  metamorphic  series  of  schists  and 
gneisses.  They  are  intensely  folded  and  fractured,  and  for 
these  reasons  are,  almost  without  exception,  undesirable  for 
either  ornamental  or  building  purposes. 

After  the  North  American  continent  had  for  the  first  time 
"been  base  leveled  and  covered  with  the  waters  of  the  ocean,  it 
is  conceived  by  some  that  northern  Wisconsin  still  remained 
above  the  sea,  either  as  an  isolated  island  or  as  a  group  of  as- 
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sociated  islands.  It  is  possible  that  this  was  not  the  condition^ 
but  that  Wisconsin  was  entirely  submerged.  The  water  which 
surrounded  the  islands  of  north  central  Wisconsin  at  that  time, 
is  known  as  the  Lower  Huronian  sea.  On  the  bottom  of  thi& 
sea  there  were  deposited  thousands  of  feet  of  sediments  con- 
sisting mainly  of  pebbles,  sand,  and  calcium  carbonate.  These 
were  later  changed  into  conglomerate,  sandstone,  and  limestone. 
At  the  close  of  the  Lower  Huronian  period  the  land  was  lifted 
above  the  sea,  the  rocks  were  folded  and  highly  metamorphosed, 
and  lava  either  flowed  out  from  fissures  at  the  surface  of  the 
earth  or  was  pushed  up  between  the  beds  of  sediment,  forming 
sills,  dikes,  and  bosses.  The  sandstone  was  changed  to  quartz- 
ite,  the  limestone  was  transformed  into  finely  crystalline  mar- 
ble, and  many  of  the  earlier  igneous  rocks  were  highly  meta- 
morphosed. Finally  the  land  was  wasted  away  by  the  atmos- 
pheric agencies,  and  again  we  find  the  ocean  encroaching  and 
covering  the  land.     This  closed  the  Lower  Huronian  period. 

Upon  the  eroded,  upturned,  and  folded  strata  of  the  Lower 
Huronian,  great  thicknesses  of  sediments  were  again  laid  down* 
This  period  is  known  as  the  Upper  Huronian.  These  sedi- 
ments consisted  of  pebbles,  sand,  and  mud,  all  of  which  were 
later  changed  into  shale,  sandstone,  and  conglomerate.  Finally, 
due  to  the  accumulation  of  sediments  or  elevation  of  the  land 
the  ocean  retreated  a  second  time,  and  Wisconsin  was  again 
above  the  sea.  The  rocks  were  a  third  time  folded  and  met- 
amorphosed by  the  mountain  making  forces.  Igneous  mate- 
rial was  pushed  out  at  the  surface  or  was  intruded  into  the 
sediments  of  this  and  the  older  series.  After  many  centuries 
of  time  the  sea  again  encroached  upon  the  land,  and  the  rem- 
nants of  the  Lower  and  Upper  Huronian  series  were  buried  be- 
neath the  waters  of  a  new  sea,  known  as  the  Keweenawan. 

The  Keweenawan  period  began  with  an  immense  outpour- 
ing of  basic  lava,  which  forms  what  is  now  known  as  the  basal 
gabbro  of  this  series.  Following  these  conditions  the  land 
was  alternately  above  and  below  the  sea,  as  is  shown  by  the 
interbedded  sandstone,  conglomerate,  and  lava.  The  closing 
stages  of  the  period  were  marked   by  a  quiescence  in  volcanic 
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activity  and  the  accumulation  of  great  thicknesses  of  sandstone 
and  conglomerate.  The  land  was  finally  raised  above  the  sea, 
and  the  rocks  were  folded  and  metamorphosed  by  the  orogenio 
forces.  This  time  the  forces  were  apparently  weaker  and  the 
folding  was  consequently  much  simpler.  The  atmospheric 
agents  began  their  work  as  soon  as  the  land  rose  above  the  sea, 
and  the  continent  was  again  wasted  away  until  there  remained 
only  remnants  of  the  immense  beds  of  sandstone,  conglomerate, 
and  lava.  Between  the  laying  down  of  the  Upper,  and  Lower 
Huronian  series,  and  between  the  Upper  Huronian  and  the 
Keweenawan  there  were  time  intervals  of  very  considerable,, 
but  unknown,  duration.  The  Upper  and  Lower  Huronian 
series  are  distinct  formations  in  many  parts  of  the  Lake  Super- 
ior region  but  they  have  not  been  differentiated  in  Wisconsin, 
except  in  isolated  places  where  detailed  geological  study  has. 
been  pursued.  The  rocks  of  the  Huronian  series  are  the  main 
source  of  supply  for  Wisconsin  granite  and  quartzite.  The 
exact  extent  of  the  Huronian  rocks  in  Wisconsin  has  not  been 
determined.  The  early  maps  were  constructed  from  limited 
data  at  a  time  when  field  work  was  much  more  diflScult  than, 
today,  and  are  necessarily  faulty  in  many  ways.  Late  study  of 
the  northern  crystalline  area  has  shown  that  much  which  has 
been  included  in  the  Archean  is  really  Huronian.  Besides 
constituting  the  larger  part  of  the  northern  crystalline  area,  the 
Huronian  rocks  outcrop  locally  at  various  places  in  the  central 
and  southern  parts  of  the  state.  These  isolated  outcrops,  as. 
well  as  the  more  extended  northern  distribution,  are  not  indi- 
cated on  the  general  map,  on  account  of  their  uncertain  delimita* 
tion  from  the  Archean.  (See  Map,  Plate  I.)  The  Upper  and 
Lower  Huronian  rocks  differ  mainly  in  their  degree  of  metamor- 
phism,  the  lower  series  being  more  highly  metamorphosed  than 
the  upper.  The  lower  series  has  also  been  cut,  not  only  by  the 
igneous  rocks  of  that  epoch,  but  also  by  those  of  the  two  fol- 
lowing epochs.  The  sedimentary  rocks  of  both  series  are  in 
many  instances  so  completely  changed,  as  to  be  distinguished 
form  the  associated  eruptives  only  with  the  utmost  dif- 
ficulty.    The  igneous   rocks   are   many   of   them   very  much 
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altered,  while  others  are  comparatively  fresh.  Among  these 
rocks,  all  kinds  may  be  found,  from  granite  to  gabbro,  and  from 
rhyolite  to  basalt.  The  Huronian  rocks  of  the  northern 
crystalline  area  constitute  an  enormous  imdeVeloped  wealth 
of  the  best  kind  of  building  and  ornamental  stone. 

The  Keweenawan  series  of  Wisconsin  is  confined  to  the 
northwestern  portion  of  the  state,  extending  on  the  east  into 
Michigan,  and  on  the  west  and  north  into  Minnesota.  It  rests 
unconformably  above  the  Upper  Huronian  and  unconformablj 
below  the  Cambrian.  The  rocks  of  this  series  have  never  been 
used  very  largely  either  for  building  or  ornamental  purposes. 
The  igneous  rocks  are  very  largely  gabbro  and  diabase,  and  are 
undesirable  for  most  economic  purposes.  The  sandstone  and 
conglomerate  are  as  a  rule  too  much  metamorphosed  to  be  suit- 
able for  quarrying. 

With  the  wasting  away  of  the  land  at  the  close  of  the  Ke- 
weenawan, that  portion  of  the  continent  immediately  north  of 
Wisconsin  is  supposed  to  have  been  depressed  into  what  is 
known  as  the  Lake  Superior  syncline.  When  the  waters  of 
the  ocean  again  encroached  upon  the  land,  and  the  deposition  of 
the  Cambrian  sedimentaries  began,  Wisconsin  had  ceased  to 
be  a  center  of  volcanic  activity  and  mountain  building,  and 
passed  into  a  condition  of  comparative  quiescence.  The  sedi- 
mentaries  which  have  been  laid  down  since  Keweenawan  time 
are  horizontal,  making  it  comparatively  easy  to  separate  the 
Cambrian  and  later  sedimentaries,  from  those  of  the  pre- 
Cambrian  era.  The  Cambrian  sea  undoubtedly  covered  all 
parts  of  Wisconsin,  with  the  possible  exception  of  one  or  two 
of  the  more  elevated  portions  to  the  north.  The  sea  was  shal- 
low and  the  sediments  consisted  mainly  of  sand.  As  a  result, 
the  predominant  rock  is  sandstone.  The  bed  of  the  ocean 
probably  subsided  as  the  sediments  were  deposited,  until  the 
deposits  reached  a  thickness  of  a  thousand  feet.  Between  the 
beds  of  sandstone,  thin  beds  of  shale  occasionally  occur,  which 
indicate  deeper  water  or  quieter  conditions.  Some  of  the  beds 
of  sandstone  likewise  contain  a  considerable  percentage  of  cal- 
cium carbonate  or  iron  oxide,  showing  that  the  conditions  of 
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deposition  varied  at  different  times  and  in  different  places. 
Only  the  closing  epoch  of  the  Cambrian,  known  as  the  Upper 
Cambrian,  is  represented  in  Wisconsin.  The  Upper  Cambrian 
is  known  in  this  state  as  the  Potsdam  sandstone.  The  Cam- 
brian sediments  lie  unconformably  above  the  earlier  pre- 
Cambrian  rocks,  and  dip  beneath  the  later  Silurian.  At  the 
present  time  they  have  a  large  surficial  extent  in  Wisconsin, 
both  in  the  northern  and  the  southern  parts.  They  almost 
surround  the  north  central  crystalline  area  pf  the  state,  and  are 
frequently  found  as  outliers  within  the  crystalline  area  itself. 
The  color  of  the  sandstone  is  mainly  white  or  yellow,  but  north 
of  the  crystalline  area  and  adjacent  to  Lake  Superior,  the 
stone  is  red  or  brown.  A  large  part  of  tY^  sandstone  of  the 
southern  area  is  incoherent  and  poorly  cemented,  but  that  of 
the  Lake  Superior  region  is  generally  well  cemented  and  con- 
solidated. Li  the  southern  area  the  texture  and  hardness  of 
the  rock  vary  greatly.  As  a  rule  the  sandstone  is  so  soft  as 
to  crumble  in  the  hands,  but  in  certain  places  it  is  so  hard  as 
to  almost  pass  for  a  quartzite.  Again,  it  may  be  very  coarse 
or  very  fine  grained.  If  fine  grained,  it  may  be  of  a  calcareous 
nature,  furnishing  a  very  desirable  stone  for  constructional 
purposes.  If  coarse  grained  it  is  usually  siliceous  and  of  a 
crumbly  or  refractory  nature.  It  could  hardly  be  expected 
that  the  sediments  at  various  horizons  would  be  the  same,  or 
that  the  stone  over  such  a  large  area  would  not  vary  greatly. 

With  the  beginning  of  Cambrian  time  we  have  the  first  evi- 
dence of  the  appearance  of  life  in  Wisconsin.  The  rocks  of 
the  Cambrian  contain  numerous  fossils  of  the  lower  forms  of 
animal  life.  They  are  not  the  first  or  the  lowest  form  of  life 
that  have  existed  on  the  earth,  but  they  are  the  first  that  we 
have  evidence  of  in  Wisconsin. 

At  the  close  of  the  Cambrian  period  new  conditions  were  in- 
itiated, and  deeper  sea  deposits  formed,  in  the  shape  of  lime- 
stone. This  epoch  in  the  history  of  the  Wisconsin  formations 
is  known  as  the  Lower  Magnesian,  which  is  the  beginning  of 
the  period  known  as  the  Ordovician  or  Lower  Silurian.     The 

limestone  of  this  formation  is   dolomitic   and   in  many  places 
6 
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filled  with  small  irregular  cavities,  on  account  of  which  it  is 
often  called  "hackly"  limestone.  The  thickness  of  the  Lower 
Magnesian  is  variously  estimated  at  from  50  to  250  feet.  The 
upper  surface  of  this  formation  is  very  irregular,  having  the 
appearance,  in  many  places,  of  ocean  billows.  The  domes  thus 
formed  often  rise  as  much  as  25  or  even  50  feet  above  the  gen- 
eral level  of  the  formation. 

The  rock  of  this  formation  which  is  hacklv,  does  not  fur- 
nish  a  desirable  building  stone.  Its  rough,  cavernous  char- 
acter and  the  diflSculty  with  which  it  is  dressed  has  kept  it  from 
the  market,  except  for  the  roughest  work.  The  limestone  of 
this  formation  which  is  quarried  from  the  bluffs  along  the 
Mississippi  river,  has  a  much  more  uniform  texture  than  that 
found  elsewhere  and  is  suitable  for  much  finer  constructional 
work. 

The  outcrops  of  Lower  Magnesian  limestone  fringe  the  Pots- 
dam sandstone  area  on  the  east  from  the  Menominee  river, 
the  boundary  between  Michigan  and  Wisconsin,  on  the  north, 
to  Rock  county  on  the  south.  In  the  southwestern  part  of  the 
state  the  limestone  caps  many  of  the  sandstone  hills,  reaching 
south  along  the  Mississippi  as  far  as  the  boundary  line.  It  ex- 
tends to  the  north  along  the  Mississippi  and  St.  Croix  rivers 
as  far  as  Polk  county.  Its  distribution  is  very  irregular,  and 
can  be  best  understood  by  a  reference  to  the  map.     (See  PI.  I.) 

The  Lower  Magnesian  Limestone  epoch  was  followed  by  a 
shallow  sea  in  which  was  deposited  the  St.  Peter's  sandstone. 
This  sandstone  is  a  soft  incoherent  rock  which  can  usually  be 
crumbled  between  the  fingers.  In  places,  it  passes  into  a  some- 
what compacted  stone^  the  particles  of  which  are  wholly  or 
partially  cemented  together  by  iron  oxide  or  silica.  This  forma- 
tion has  a  much  less  surficial  distribution  than  either  of  the  pre- 
ceding sedimentary  formations.  The  sandstone  may  be  traced, 
as  was  the  Lower  Magnesian  limestone,  from  northeastern 
Wisconsin  near  the  Michigan  line  as  far  south  as  the  Illinois 
boundary.  From  thence  it  swings  north  along  the  Mississippi 
river  region  as  far  as  Vernon  county.  The  irregular  distri- 
bution can  best  be  understood  by  a  reference  to  the  map.     (See 
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PL  I.)  The  thickness  differs  in  various  parts  of  the  state, 
averaging  about  100  feet. 

After  the  St.  Peter's  sandstone  was  laid  down  the  con- 
<3ition8  of  deposition  changed  from  a  shallow  to  a  deep  sea.  On 
the  bottom  of  this  deeper  sea  were  deposited  the  sediments 
which  comprise  the  Trenton  and  Galena  limestone  forma- 
tions. The  St.  Peter's  sandstone  preserved  but  scanty  re- 
mains of  the  life  of  that  time,  but  in  the  Trenton  rock  there  are 
the  remains  of  an  abundant  faima.  So  abimdant  were  the 
marine  animals  living  in  the  Trenton  sea  that  certain  of  the 
beds  of  these  formations  are  essentially  composed  of  their 
-shell  remains. 

During  the  formation  of  the  Trenton  limestone  the  condi- 
tions of  deposition  chanfi:ed  many  times,  as  is  shown  by  the 
thin  interstratified  layers  of  shale,  which  split  the  larger  beds 
of  limestone  into  relatively  thin  lamina.  Often  the  interlam- 
inated  shale  is  scarcely  noticeable,  but  at  other  places  it  is  very 
conspicuous.  The  laminss  of  shale  are  generally  discontin- 
uous, being  broken  up  into  thin  wavy  leaves.  The  rock  00- 
oasionally  contains  cavities  filled  or  partly  filled  with  calcite, 
pyrite,  or  marcasite.  Certain  of  the  upper  beds  of  the  Galena 
are  very  finely  crystalline  and  dense,  breaking  occasion- 
ally with  a  splintery  or  conchoidal  fracture,  much  after 
the  fashion  of  glass.  The  Trenton  beds  differ  in  color,  some 
being  buff  and  others  blue.  Depending  on  these  colors  there 
has  been  differentiated  what  are  known  as  the  Upper  and  Lower 
Buff  beds  and  the  Upper  and  Lower  Blue  beds.  These  subdivi- 
sions are  very  arbitrary,  being  dependent  almost  entirely  upon 
the  extent  to  which  the  rock  has  weathered. 

The  Trenton  has  a  large  superficial  extent  in  Wisconsin. 
Along  the  eastern  half  of  the  state  it  is  found  as  far  north  as 
Marinette,  from  which  point  it  extends  south  in  a  broad  belt 
from  ten  to  thirty  miles  wide  as  far  as  the  Illinois  line.  It 
outcrops  as  far  east  as  the  western  tier  of  townships  of  Wal- 
worth and  Waukesha  counties,  from  which  place  it  extends  to 
the  west  in  a  broad  belt,  passing  beyond  the  Mississippi  river 
into  the  adjacent  states.      In  the   west  central  portion  of  the 
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etate^  in  St.  Croix  and  Pierce  counties,  small  outliers  of  Tren- 
ton limestone  are  found  capping  the  higher  hills.  Everywhere 
this  formation  underlies  the  Niagara  limestone  and  rests  upon 
the  St.  Peter's  sandstone. 

After  the  Trenton  and  Galena  limestone  formations  were 
deposited,  the  conditions  were  those  of  a  shallow  sea,  and 
there  was  deposited  the  formation  kno\vn  as  the  Hudson  Eiver 
Shale.  This  formation  did  not  result,  in  Wisconsin,  in  the 
formation  of  any  desirable  building  stone.  It  is  represented 
mainly  by  a  soft,  easily  disintegrated  shale,  and  a  few  rough 
beds  of  limestone.  The  surficial  distribution  is  very  lim- 
ited.  The  formation  outcrops  in  a  narrow  belt  from  one  to- 
six  miles  wide,  extending  from  Sturgeon  Bay,  on  the  north, 
along  the  eastern  border  of  Green  Bay  and  Lake  Winnebago,  in 
a  southerly  direction  to  the  Illinois  boundary  line,  near  the 
middle  of  Walworth  county  . 

After  the  deposition  of  the  Hudson  River  Shale  the  land  is 
supposed  to  have  been,  at  least,  partially  elevated  above  the 
ocean.  The  following  was  a  period  of  very  low,  stagnant 
water,  during  which  there  was  deposited  a  thin  bed  of  iron  ore, 
known  as  the  Clinton  formation.  The  appearance  of  these 
beds  of  iron  ore  at  this  place  is  an  indication  of  low,  swampy 
conditions.  The  surficial  extent  of  these  beds  is  very  lim- 
ited. They  fringe  the  Hudson  river  shale  in  a  very  narrow 
belt  and  pass  quickly  under  the  Niagara  limestone  to  the  east. 

Following  the  erosion  interval  marked  by  the  Clinton  iron 
ore  beds,  there  began  another  period  of  relatively  deep  sea 
conditions,  during  which  the  Niagara  limestone  was  deposited. 
The  thickness  of  the  limestone  varies  from  450  feet  in  the 
southern  part  of  the  state  to  800  feet  in  the  east  central  part. 
Fossils  are  generally  abundant,  trilobites  and  coral  remains 
being  especially  numerous  in  certain  beds.  The  character  of 
the  beds  differs  quite  widely  in  different  portions  of  the  state. 
In  certain  places  the  limestone  is  uniform  in  color  and  texture,, 
while  in  other  places  there  are  many  irregularities  both  in 
texture  and  color.  From  many  of  the  beds  very  excellent 
stone  can  be  obtained,  but   from  others  the  stone  has  such  an 
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irregular  texture  as  to  be    of   little   value    for  constructional 
work. 

The  Silurian  period  closed  in  Wisconsin  with  the  deposit  of 
a  light  graj^  magnesian  limestone,  constituting  what  is  known 
as  the  Lower  Heldeberg  formation.  The  rocks,  which  are  thus 
doubtfully  classified,  occur  in  a  few  small  areas  in  Milwaukee 
and  Ozaukee  counties. 

Following  the  deposition  of  the  sediments,  of  which  the 
Niagara  and  Lower  Heldeberg  limestone  are  composed,  the 
ocean  retreated  from  Wisconsin,  to  return  for  the  last  time 
during  the  Devonian  epoch,  when  it  deposited  the  Hamilton 
limestone.  The  only  outcrops  of  this  formation  are  found  in 
the  vicinity  of  Milwaukee.  The  formation  does  not  contribute 
anything  to  the  building  stone  of  the  state,  but  the  stone  is 
quarried  quite  extensively  for  the  manufacture  of  cement. 

Since  the  Devonian  sea  receded  from  Wisconsin,  it  is 
thought  that  the  waters  of  the  ocean  have  never,  with  possibly 
one  exception,  encroached  far  enough  north  to  cover  Wiscon- 
sin. Wisconsin  has  probably  been  a  portion  of  the  continental 
land  area  continuously  from  that  time  to  the  present. 

Since  the  earliest  time  forces  have  been  operating  which 
have  produced  wonderful  changes  in  the  mineralogical  compo- 
sition and  structure  of  the  rocks.  By  the  agents  of  metamor- 
phism,  rocks  originally  weak  and  incoherent,  have  been  firmly 
consolidated.  Rocks  that  were  originally  uncemented  have 
been  cemented.  One  mineral  has  been  changed  into  another; 
minerals  have  replaced  one  another;  amorphous  substances 
have  become  crystalline ;  and  portions  of  the  rock  have  been  en- 
tirely dissolved  and  carried  away  by  underground  water, 
forming  cavities  and  even  caves  or  caverns.  These  cavities 
and  caves  have  in  many  instances  been  later  partially  or  en- 
tirely refilled  with  other  minerals,  such  as  calcite,  pyrite,  mar- 
casite,  or  quartz. 

The  rocks  have  all  suffered  more  or  less  from  mechanical 
deformation.  The  more  ancient  have  been  folded  and 
fractured,  and  their  individual  particles  are  often  so  mashed 
as  to  almost  if  not  entirely  obscure  their  origin.     The  younger 
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rocks  from  the  Cambrian  to  the  present  time  have  been  gently 
folded,  jointed,  and  faulted.  The  folding  is  very  gentle  and 
only  noticeable  when  observations  are  made  over  extended 
areas.  The  jointing  is  simple,  although  the  fracture  planes 
are  often  very  numerous  in  one  or  two  directions. 

The  configuration  of  the  surface  of  the  state  has  been  mod- 
ified since  the  sea  receded,  both  by  rimning  water  and  moving 
ice.  The  glaciers  have  in  many  places  removed  the  soil  and 
loose  fragments  of  rock,  increasing  the  accessibility  of  the  fresh 
stone.  In  other  places  the  glaciers  have  buried  the  rock  under 
many  feet  of  till  or  boulder  clay,  making  it  practically  inac- 
cessible. In  the  terminal  morainal  and  over-wash  areas  the 
underlying  rock  is  sometimes  buried  to  a  depth  of  300  or  400 
feet  by  glacial  drift,  while  in  the  areas  back  from  the  moraines 
the  till  often  barely  conceals  the  imderlying  rock.  In  some 
sections  of  the  state  the  glaciers  have  brought  to  the  surface  the 
comparatively  fresh  rock,  which,  previously,  was  buried  to  a 
considerable  depth  by  disintegration.  The  glaciers  powdered 
the  rock  which  was  worn  away,  and  the  waters  formed  by  the 
melting  of  the  ice,  assorted  and  deposited  it,  forming  the  beds 
of  clay  and  kaolin,  which,  through  artificial  processes,  are  rece- 
mented  and  placed  upon  the  market  in  competition  with  stone. 

Before  the  glacial  epoch,  the  rivers  of  Wisconsin  cut  deep 
channels  through  the  rocks  on  their  way  to  the  ocean.  The 
deposits  left  by  the  glaciers  often  fill  the  valleys,  and  in  some 
places  have  changed  the  course  of  the  rivers.  In  other  places  the 
present  rivers  flow  in  their  old  channels,  working  over  the  de- 
posits left  by  the  retreating  ice.  Wherever  the  rivers  have  cut 
their  channels  to  any  considerable  depth,  there  the  rocks  are  ex- 
posed on  either  side.  For  example,  along  the  Mississippi  river, 
the  high  bluffs  at  Trempealeau,  La  Crosse,  Maiden  Rock,  and 
other  places,  are  formed  by  the  erosion  of  the  Mississippi  river 
and  its  tributaries.  The  rocks  are  exposed  in  thousands  of 
places  along  the  sides  of  ravines,  where  mere  threads  of  rivers 
have  cut  their  way. 

The  rocks  are  a  thousand  times  more  accessible  because  of  the 
existence  of  the  rivers,  although  they  have  but  scarcely  begun 
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to  obliterate  the  evidences  of  the  last  glacial  epoch.  The 
romided  forms  of  topography  still  remain  almost  as  perfect  as 
the  day  they  were  formed.  Millions  of  boulders  brought  by 
the  glaciers  from  the  north,  are  strewn  over  the  surface  of  the 
groimd.  Many  of  them  are  beautiful  granites,  which  might 
furnish  no  insignificant  contribution  to  the  building  stone 
wealth  of  the  state. 
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CHAPTER   11. 


IGNEOUS   AND    METAMORPHIC   ROCKS. 

I.     THE  IGNEOUS  ROCKS. 

The  many  kinds  of  igneous  rocks  in  Wisconsin  are  all  of  Pre- 
Cambrian  age.  Among  the  more  abundant  may  be  men- 
tioned granite,  rhyolite,  diabase,  gabbro,  and  diorite.  These 
rocks  occur  in  varying  abundance  among  the  Archean,  Huron- 
ian,  and  Keweenawan  series.  Because  of  the  abundance  of  ig- 
neous rocks  in  the  north  central  part  of  the  state,  this  region  is 
often  spoken  of  as  the  great  north  central  crystalline  area  of 
Wisconsin.  Approximately  21,000  square  miles,  or  about  one- 
third  of  the  total  surficial  area  of  Wisconsin  is  immediately 
underlain  by  these  rocks.  The  crystalline  area  is  hemmed  in 
on  the  east,  south,  and  north  by  the  overlying  Potsdam  sand- 
stone, and  passes  to  the  northeast  into  Michigan,  and  to  the 
northwest  into  Minnesota.  To  the  south,  the  rivers  flowing  out 
of  this  region  have,  in  many  instances,  cut  their  channels 
through  the  soft  sandstone  above,  into  the  igneous  rocks  below, 
exposing  them  for  40  or  50  miles  south  of  the  main  area.  As  a 
result  of  unequal  erosion,  small  knobs  of  igneous  rocks  are 
found  protruding  through  the  later  sedimentaries  in  the  south- 
em  and  central  parts  of  the  state. 

The  value  of  the  many  varieties  and  the  abundance  of  the  ig- 
neous rocks  that  can  be  profitably  quarried  cannot  yet  be  esti- 
mated. Comparatively  few  quarries  have  thus  far  been 
opened,  and  especially  in  the  main  area  few  attempts  have  been 
made  to  utilize  the  granite  which  there  occurs,  either  for  build- 
ing or  monumental  purposes.     The  first  granite  quarry  in  Wis- 
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<5on8in  was  opened  by  L.  S.  Cohn  at  Granite  Heights  in  1880. 
Nearly  contemporaneous  with  the  opening  of  this  quarry,  the 
granite  industry  at  Montello  was  started.  These  quarries  may 
be  called  the  pioneers  in  the  development  of  the  Wisconsin 
^anite  industry.  Since  that  time,  as  near  as  can  be  ascer- 
tained, seventeen  different  granite  quarries  have  been  opened 
in  this  state. 

The  promoters  of  the  granite  industry  have  experienced  the 
same  difficulties  in  this  state  that  are  met  by  the  operators  of 
new  quarries  in  all  parts  of  the  country.  The  stone  which  they 
were  introducing  in  the  market  had  no  reputation;  it  had  never 
been  used ;  the  stone  had  not  been  tested ;  the  only  recommen- 
dation which  it  had,  was  the  reputation  of  the  operator  and  the 
general  appearance  of  the  product.  The  early  operators  fre- 
quently had  very  little  capital  to  invest ;  the  facilities  at  hand 
for  quarrying  were  in  some  cases  of  the  most  meager  kind ;  and 
it  is  not  surprising  that  companies  have  failed,  and  that  men 
have  lost  money  in  the  development  of  this  new  industry.  Of 
the  larger  concerns  that  have  met  with  reverses,  not  one  has 
been  occasioned  by  an  inferior  quality  of  stone  or  by  a  lack  of 
demand.  Failure  has  rather  been  due  to  the  general  business 
depression  and  to  incompetent  management. 

The  igneous  rocks  wliich  are  quarried  in  this  state  are  mainly 
granite  and  rhyolite.  Tlie  purposes  for  which  these  stones  are 
quarried  are  mainly  monumental,  building,  and  road  construc- 
tion. Certain  of  the  quarries  can  furnish  granite  of  any  de- 
sired dimensions  and  of  unquestionable  quality  for  heavy  con- 
structional purposes.  In  other  quarries  the  possible  dimen- 
sions of  the  quarried  stone  are  such  that  its  use  is  limited  to 
the  smaller  constructional  purposes,  monumental  work,  and  road 
making.  The  quarries  of  Wisconsin  now  furnish  thirteen  dif- 
ferent colored  and  textured  granites.  Among  these  there  are 
all  colors  from  brilliant  red  to  dark  gray ;  and  all  textures  from 
exceedingly  fine  grained  to  the  most  coarsely  porphyritic. 

For  monumental  purposes  the  granites  of  Wisconsin  have 
been  selected  by  competent  judges  in  preference  to  granites 
from  any  other  part  of  the  United  States,  and,  in  one  conspicu- 
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0U8  instance,  in  preference  to  the  granites  of  three  other  com- 
peting  continents.  In  point  of  color,  durabilitj,  and  finish 
they  have  no  superior. 

For  constructional  purposes  the  Wisconsin  quarries  can  fur- 
nish either  gray  or  red  granite  of  any  required  dimensions. 
The  facilities  which  certain  of  the  companies  possess,  for  quar- 
rying and  handling  the  granite  used  in  heavy  constructional 
work,  are  not  surpassed  anywhere  else  in  the  Northwest.  For  in- 
side ornamental  purposes  the  granites  from  Wisconsin  compare 
favorably  both  in  variety  and  color  with  those  of  neighboring^ 
states.  For  road  construction  probably  no  state  in  the  union 
is  better  provided  with  material,  in  the  shape  of  granite  and 
rhyolite,  than  Wisconsin.  Besides  the  north  central  crystal- 
line area,  the  small  knobs  of  porphyry  and  granite,  which  rise 
above  the  soft  sandstone  rocks  of  central  Wisconsin,  furnish  a 
wealth  of  material  which  is  unsurpassed  for  road  construction. 

The  following  are  the  areas  from  which  granite  and  rhyolite 
have  been  quarried  during  the  last  few  years :  Montello,  Ber- 
lin, Waushara,  Utley,  Marquette,  Granite  City,  Waupaca,  Wau- 
sau,  and  Amberg.  Other  areas  which  have  been  opened  up, 
but  are  as  yet  undeveloped,  are  High  Bridge,  Irma,  Prairie 
Kiver,  and  Endeavor. 

Description  of  Individual  Areas. 

MONTELLO    ABEA. 

The  Montello  granite  is  obtained  from  two  of  the  many  iso- 
lated mounds  of  igneous  rock  located  a  short  distance  south  of 
the  main  crystalline  area.  The  granite  mounds  at  Montello 
are  situated  near  the  central  part  of  Marquette  county  on  Sees. 
8  and  9,  T.  15,  R.  10  E.  The  larger  mound  extends  in  an  al- 
most east  and  west  direction  for  about  a  third  of  a  mile,  and 
rises  in  the  highest  part  about  80  or  00  feet  above  the  general 
level  of  the  adjacent  country.  The  smaller  mound  is  east  of  the 
large  one  and  is  separated  from  it  by  a  low  saddle.  It  is  a  much 
less  conspicuous  feature  of  the  landscape  and  has  furnished  less 
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stone  for  the  market.  The  mounds  are  largely  covered  with  a 
thin  mantle  of  glacial  debris,  which  fortunately  is  not  of  suffi- 
cient thickness  to  materially  increase  the  expense  of  working. 
The  quantity  of  stone  available  may  be  said  to  be  practically 
unlimited.  Until  1807  the  only  company  actively  engaged  in 
quarrying  at  this  place  was  the  Berlin-Montello  Granite  Co., 
which,  since  the  reorganization  in  1898,  has  been  known  as  the 
Montello  Granite  Co.  Last  year  a  new  firm  was  organized 
which  is  known  as  the  Merkle  Granite  Co. 

THE  MONTELLO  GRANITE  CO. 

The  Montello  Granite  Co.'s  quarry  was  opened  about  1880, 
and  has  been  op(»rated  continuously  ever  since.  Several  years 
ago,  at  the  time  of  the  general  business  depression,  the  company 
owning  and  operating  the  works  became  financially  involved. 
The  quarry  and  works  passed  into  the  hands  of  a  receiver,  and 
for  the  first  time  they  were  closed.  The  period  of  litigation 
passed,  and  the  quarry  and  works  were  sold  to  a  new  company, 
kno\\Ti  as  the  Montello  Granite  Co.  Operations  have  been  re- 
sumed and  the  company  are  now  in  a  position  to  furnish  esti- 
mates on  all  classes  of  granite  work.  During  the  period  of  liti- 
gation of  the  Berlin-Montello  Granite  Co.,  the  Merkle  Granite 
Co.  was  organized,  and  in  a  short  time  they  had  built  up  a  flour- 
ishing monumental  business. 

The  Montello  Granite  Co.  controls  about  80  acres  of  land, 
including  the  most  accessible  portions  of  the  larger  granite 
knob.  The  quarrying  operations  have  been  carried  on  at  two 
different  openings,  one  at  each  of  the  two  mounds.  The  larger 
opening  and  the  one  most  extensively  operated  is  situated  at  the 
west  end  of  the  larger  mound  and  within  the  limits  of  the  city 
of  Montello.  (See  PI.  IV.,  Fig.  2.)  The  second  and  much 
smaller  opening  is  about  f  of  a  mile  east  of  the  first,  and  is  lo- 
cated on  the  top  of  the  smaller  mound. 

Quarry  Observations. 

The  main  opening  of  the  quarry,  situated  at  the  west  end  of 
the  hill  and  adjacent  to  the  company  works,  is  about  200  feet 
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long,  150  feet  wide,  and  80-00  feet  deep.  The  stripping  is 
very  light,  having  a  maximum  thickness  of  6-12  feet  at  the  east 
end.  The  granite  is  naturally  exposed  over  a  portion  of  the  hill 
south  of  the  main  opening.  From  this  part,  which  is  adjacent 
to  the  main  opening,  a  small  amount  of  stock  has  been  quarried. 
The  surface  of  the  exposed  portions,  w^here  the  soil  has  been 
lately  removed,  is  very  smooth.  Where  indications  show  that 
the  rock  has  been  exposed  for  a  very  long  time,  the  surface  is  a 
very  little  rough.  The  color  of  the  weathered  surface  is  a 
grayish  white,  occasioned,  here  as  elsewhere,  by  the  bleaching 
due  to  direct  exposure  to  the  weather.  This  discoloration  doeg 
not  penetrate  the  rock  to  any  perceptible  depth,  being  the  merest 
film  upon  the  surface.  Lichens  grow  quite  abundantly  on  the 
natural  exposures,  bearing  evidence  of  durability. 

Three  prominent  sets  of  joints  were  observed  in  the  quarry, 
striking  N.  85^  E.,  K  25°  E.,  and  N.  40°  W.  The  first  two 
sets  are  vertical,  and  the  latter  dips  at  an  angle  of  82°.  The 
floor  of  the  quarry  is  uneven,  dipping  at  various  angles  and  in 
different  directions.  The  main  part  dips  at  an  angle  of  14° 
!N1S.  Besides  the  major  joints,  the  granite  is  broken  up  by 
many  short,  discontinuous  parting  planes,  striking  in  different 
directions.  These  jointing  planes  break  the  rock  into  various 
sized  polygonal  blocks,  ranging  from  pieces  a  foot  in  the  larg- 
est dimension  to  those  that  are  14  feet  by  5  feet  by  2  feet. 
Large  dimensions  are  not  the  rule,  but  blocks  of  any  reasonable 
6ize  can  be  obtained. 

The  quarry  face  is  cut  by  five  large  greenstone  dikes,  which 
apparently  follow  the  jointing  planes.  The  largest  dike,  about 
4  feet  wide,  forms  the  north  wall  of  the  quarry  opening.  Some 
of  the  dikes  strike  N.  85°  E.,  and  others  N.  25°  E.,  these  being 
the  directions  of  the  two  main  sets  of  joints.  The  greenstone 
magma  has  filled  many  of  the  smaller  seams,  adjacent  to  the 
larger  dikes,  injuring  such  stone  for  monumental  purposes. 

The  work  on  the  smaller  mound  to  the  east  was  begun  and 
vigorously  pushed  when  the  demand  for  paving  blocks  was  at 
its  height,  but  no  stone  has  been  quarried  at  this  mound  for  sev- 
eral years  past.     The  opening  is  of  irregular  shape,  50  feet 
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long,  40  feet  wide,  and  20  feet  deep.  The  rock  is  practically 
free  from  soil  or  clay  covering  for  a  considerable  distance  about 
the  opening,  offering  an  excellent  opportunity  to  study  the  rock 
in  the  natural  exposure.  The  color  of  the  weathered  surface  is 
grayish  white,  the  same  as  in  the  previously  described  opening. 
Lichens  are  abundant.  The  main  sets  of  joints  strike  respec- 
tively K  85°  E.,  and  N.  20^-25°  E.  Other,  nearly  horizontal 
joints,  but  dipping  at  different  angles  and  in  different  direc- 
tions, form  the  floor  of  the  quarry.  The  two  sets  of  joints  first 
mentioned  are  often  very  close  together,  rendering  a  part  of  the 
rock  unsuitable  for  large  dimensional  purposes.  The  blocks 
thus  formed  are  often  not  over  8  or  10  inches  in  cross  section. 
This  close  jointing  apparently  traverses  the  quarry  in  zones. 
Between  these  zones,  the  joints  are  much  farther  apart  permit- 
ting the  quarrying  of  blocks  of  fairly  large  dimension. 

The  granite,  as  a  whole,  is  a  dense,  fine  grained  rock,  uni- 
form throughout  the  quarry.  The  color  is  red,  two  distinct 
tints  being  quarried  from  the  larger  opening.  One  is  a  cheer- 
ful red,  while  the  other  has  more  of  a  grayish  red  color.  No 
regularity  in  the  occurrence  of  the  two  different  tints  could  be 
made  out,  although  it  was  ascertained  that  in  certain  instances 
they  grade  into  each  other.  The  granite  is  stained  along  the 
joints  with  yellowish  brown  iron  oxide.  Black  and  white 
streaks  traverse  the  rock  in  various  directions,  occasionally  be- 
coming a  source  of  considerable  annoyance.  These  dark 
streaks  have  been  mentioned  before  as  resulting  from  the  green- 
stone magma,  which  found  its  way  along  the  fracture  planes  at 
the  time  the  greenstone  dikes  were  formed.  The  white  streaks 
are  small  veins  of  secondary  quartz,  probably  of  later  origin 
than  the  dikes  of  greenstone.  These  veins  are  not  especially 
injurious  to  the  life  of  the  granite,  but  where  present,  they  mar 
the  imiformity  of  color,  which  is  one  of  the  essential  qualities 
of  No.  1  monimiental  stone. 

The  best  stock  in  sight  is  at  the  north  end  of  the  face,  which 
strikes  north  and  south.  At  that  place  quarrying  operations 
can  extend  no  farther  on  account  of  having  reached  the  public 
highway,    and  beyond  which   the   land   is   church   property. 
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Sooner  or  later  the  public  highway  must  be  abandoned  and  the 
church  property  sold,  in  order  to  permit  the  development  of  the 
industry,  which  is  the  mainstay  of  the  city. 

Laboratory  Exa mitm i ion , 

The  Dressed  Sample. — The  examination  of  a  dressed  and 
polished  specimen,  such  as  may  be  seen  in  the  laboratory  of  the 
Survey,  shows  that  the  rock  is  suitable  for  the  finest  kind  of 
finished  work.  As  a  rule,  the  granite  does  not  break  with  a 
rough  or  conchoidal  fracture,  but  generally  evenly  and 
smoothly,  furnishing  a  rock  face  which  is  not  bold,  but  rather 
subdued  and  quiet.  As  one  would  naturally  suppose,  the  ham- 
mered work  on  a  rock  of  this  texture  is  very  excellent,  furnish- 
ing an  exceedingly  smooth,  imiform  surface.  The  color  of  the 
hammered  surface  is  white,  with  a  delicate  tinge  of  red,  being 
much  lighter  than  either  the  polished  surface  or  the  rock  face. 
The  polished  surface  of  the  granite  is  almost  perfect,  the  color 
being  much  livelier  than  that  of  the  rock  face.  A  close,  detailed 
examination  of  the  surface  shows  irregular  areas  of  dark  and 
light  red,  irregularly  dotted  with  small  black  particles,  having  a 
metallic  sheen.  At  a  very  short  distance,  these  tints  are  so  har- 
moniously blended  as  to  give  a  very  pleasing  red  color,  diflFer- 
ent  from  that  of  almost  any  other  granite.  Indeed,  the  stone 
is  one  of  exceptional  beauty,  being  imsurpassed  in  this  quality 
by  any  foreign  stone.  The  color  of  the  polished  surface  and 
the  grain  of  the  rock  are  nicely  shown  in  the  accompanying 
plate.     (PI.  VI.,  Fig.  1.) 

Microscopical  Examination. — The  thin  sections  of  the  gran- 
ite, examined  under  the  microscope,  reveal  definitely  its  min- 
eralogical  composition  and  texture. 

The  granite  has  a  holocrystalline,  granitic  texture.  Ortho- 
clase  feldspar  and  quartz  are  the  preponderant  constituents, 
and  magnetite,  chlorite,  fibrous  hornblende,  hematite,  and  cal- 
cite  are  the  subordinate  constituents.  One-half  or  more  of  the 
rock  is  composed  of  feldspar,  while  more  than  four-fifths  of  the 
remainder  is  quartz.     The  large  irregular  quartz  and  feldspar 
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individuals  are  often  separated  from  each  other  bj  a  mosaic  of 
finely  crystalline  quartz  and  feldspar,  the  grains  of  which  inter- 
lock in  such  a  complicated  fashion  as  to  give  a  very  compact 
structure.  Often  the  quartz  and  feldspar  have  formed  such 
an  intimate  intergrowth  as  to  produce  the  texture  known  as  mi- 
cro-pegmatitic.  Peripheral  granulation  is  characteristic  of 
many  of  the  larger  individuals,  while  they  all  exhibit  a  marked 
imdulatory  extinction.  The  undulatory  extinction  or  strain 
effects  are  more  pronounced  in  the  quartz  than  in  the  feldspar. 

Much  of  the  feldspar  has  the  appearance  of  the  variety 
known  as  microcline,  while  other  sections  are  certainly  ortho- 
<;lase.  Many  of  the  feldspars  have  been  twinned,  giving  the 
appearance  on  the  surface  of  having  been  etched.  The  feld- 
spars are  generally  very  fresh  looking,  although  many  of  them 
have  been  stained,  along  the  cleavage  planes,  with  red  iron 
oxide. 

Magnetite  is  present  in  small  irregular  patches  and  granules, 
8ome  of  which  is  partially  altered  to  hematite.  Associated 
with  the  hematite  are  the  green  minerals,  chlorite,  and  horn- 
blende, neither  of  which  is  of  any  considerable  importance,  as  a 
constituent  of  the  granite.  It  is  the  hematite  which  occurs 
along  the  cleavage  planes  of  the  feldspar,  and  about  the  margins 
of  the  individual  grains,  that  gives  depth  and  brilliancy  to  the 
red  color  of  the  rock.  A  dull  tint  indicates  a  less  percentage 
of  hematite  than  a  bright.  Two  or  three  small  flecks  of  seri- 
cite  or  muscovite  were  observed  in  one  of  these  sections. 

The  above  examination  of  the  Montello  granite  clearly  indi- 
cates that  the  mineralogical  composition  is  such  as  to  give  to  the 
Tock  very  great  strength  and  permanence.  The  small  size  of 
the  individual  minerals  and  the  manner  in  which  they  inter- 
lock, contribute  largely  to  the  durability  of  the  rock.  (See  PI. 
LXL,  Fig.  1.) 

Chemical  Analysis. — The  high  percentages  of  silica  and 
alumina  and  the  freedom  from  impurities,  shown  by  the  chemi- 
cal analysis,  substantiate  the  results  of  the  microscopical  exam- 
ination, being  indicative  of  the  durability  of  the  rock. 
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The  chemical  composition  of  the  Montello  granite,  as  deter- 
mined by  Ferdinand  G.  Weichmann,^  is  as  follows : 

Si     O, 75.40 

Al,  O, 11.34 

Fe,0, 4.16 

Ca  O 90 

K,   O  6.44 

Na,0  1.76 

100.00 

Physical  Tests. — The  physical  examination  of  the  Montello- 
granite  gives  additional  testimony  to  its  durability.  It  will  be 
found  by  referring  to  Chapter  VIII.,  Table  Y.,  that  the  specific 
gravity  of  the  granite  is  2.64,  which  is  the  same  as  the  rhyolite 
of  Berlin  and  the  granite  of  Waushara  county.  The  average 
porosity  is  the  same  as  that  of  the  Berlin  rhyolite,  being  0.21  of 
1  per  cent.  The  average  amount  of  water  absorbed  by  a  two^ 
inch  cube  after  76  hours  of  soaking  was  only  .35  of  a  gram. 

Cubes  were  subjected  to  extreme  heat,  and  not  until  a  tem- 
perature of  1300^-1500^  F.  had  been  reached  were  the  samples^ 
destroyed.  Upon  heating,  the  color  became  much  lighter,  and 
cracks  opened  near  the  middle  of  the  cubes.  At  a  temperature 
below  1000°  F.  it  is  thought  that  the  granite  will  remain  free 
from  any  considerable  injury. 

Alternate  freezing  and  thawing,  as  shown  in  Chapter  V^III., 
Table  VII.,  resulted  in  an  average  loss  in  weight  of  only  .045  of 
a  gram  on  a  mass  weighing  about  375  grams.  This  is  a  scarcely 
appreciable  amoimt,  and  might  easily  be  accounted  for  by  errors 
in  manipulation.  The  strength  of  the  stone,  as  indicated  by 
the  same  table,  showed  the  effect  of  freezing  and  thawing  more 
than  the  weight.  The  average  crushing  strength  of  the  frozen 
samples  was  3,199  lbs.  per  square  inch  lower  than  that  of  fresh 
cubes.  (See  Chapter  VIII.,  Table  VII.)  This  result  is  not 
absolute,  but  will  vary  between  quite  wide  limits.  Perhaps 
nearly  as  much  as  the  difference  given  in  this  instance. 

>Scieiice,  New  Series,  Vol.  VI.,  No  147,  pp.  621-622. 
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The  compressive  and  transverse  strength  tests  show  that  the 
Montello  granite  is  exceptionally  strong.  The  compressive 
•strength  tests  show  a  maximum  ultimate  strength  of  43,973  lbs. 
per  square  inch  on  two  inch  cubes.  The  transverse  strength 
tests  show  an  average  modulus  of  rupture  of  3,793.8  lbs.  per 
square  inch.  Both  of  these  tests  are  far  above  the  average  for 
granite.  The  compressive  strength  per  square  inch  is  higher 
than  that  of  any  previously  published  tests  on  granite.  No  true 
^anite  on  this  continent  is  known,  that  will  equal  the  Montello 
in  crushing  strength,  although  even  this  strength  has  been  sur- 
passed by  a  rhyolite  from  our  own  state. 

General  Considerations. 

In  general,  the  tests  have  proven  that  for  durability  and 
strength  there  are  few  granites  that  anywhere  equal  the  Mon- 
tello. The  qualities  which  contribute  to  its  durability  and 
strength,  make  it  an  exceedingly  diiSBcult  stone  to  cut  and  dress. 
The  price  of  the  Montello  granite  is  therefore  higher  than  that 
of  stone  which  is  more  easily  worked ;  but  where  durability  and 
strength  are  of  prime  importance,  the  stone  is  worth  all  the  ad- 
ditional expense  of  cutting  and  polishing.  Its  qualities  are  so 
•enduring  that  it  will  be  found  standing  in  many  of  our  ceme- 
teries uninjured  long  after  the  monimients  and  mausoleums 
<5onstructed  out  of  most  kinds  of  stone  have  crumbled  into  de- 
<5ay. 

The  blocks  which  are  too  small  or  imsuitable  for  building  or 
monimiental  work  are  crushed  for  macadam.  The  rip-rap 
which  often  accumulates  in  a  quarry  has  been  thus  used  to  ad- 
vantage. During  the  years  when  the  demand  for  granite 
blocks  for  paving  was  at  its  height,  many  thousands  were  made 
At  the  quarry  and  sold  in  Milwaukee  and  Chicago.  For  both 
macadam  and  paving  the  granite  has  proven  its  suitability. 
But,  on  account  of  the  diiSBculty  in  working  the  granite  for  pav- 
ing blocks,  combined  with  a  falling  off  in  the  demand,  this  field 
^has  been  largely  abandoned.  The  use  of  crushed  granite  for 
macadam  is  apparently  on  the  increase  and  the  prospects  for  a 

large  demand  from  this  source  are  very  favorable. 
7 
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The  Montello  granite  can,  to  all  appearances,  be  most  profit- 
ably worked  where  the  monumental,  building,  and  macadam  en- 
terprises are  combined.  The  stone  is  well  suited  to  all  three 
purposes,  and  should  find  a  large  sale  where  strength  and  dur- 
ability are  the  essential  factors. 

Some  of  the  finest  monuments  of  the  country  have  been  con- 
structed from  the  Montello  granite.  They  may  be  found  by 
the  score  in  the  cemeteries  of  Illinois,  Indiana,  Ohio,  Penn- 
sylvania, Michigan,  Iowa,  and  Wisconsin.  Among  the  more- 
important  pieces  of  work  may  be  mentioned  the  Custer  monu- 
ment and  the  monuments  to  Wisconsin  soldiers  at  Gettysburg 
and  Chickamauga.  The  sarcophagi  for  General  and  Mrs.  U.  S. 
Grant  at  Riverside  Park,  New  York,  were  hewn  from  Mon- 
tello granite,  having  been  selected  by  a  special  commission  in 
competition  with  granites  from  many  parts  of  the  world. 
These  sarcophagi  were  cut  from  single  large  blocks  measuring^ 
approximately  10  ft.  6  in.,  by  5  ft  6  in.,  by  4  ft.  10  in. 

But  the  Montello  granite  has  not  been  used  solely  for  monu- 
mental purposes  and  road  construction.  It  constitutes  a  part 
of  the  superstructure  of  many  important  buildings.  In  Chi- 
cago it  has  been  used  in  the  Herald  building,  158-160  Wash- 
ington St.,  the  Stone  Building,  West  Madison  and  Ashland 
Ave.,  the  Pickard  residence.  Burton  Place  and  Dearborn  Ave., 
the  Miller  residence,  Walton  Place  and  Lake  Shore  Drive,  the- 
Kirk  block,  Madison  Ave.  and  55th  St.,  and  many  others. 

The  works  of  the  Montello  Granite  Co.  are  well  equipped  for 
doing  a  large  business.  The  company  owns  an  excellent  water 
power,  with  four  water  wheels  having  an  aggregate  of  540-hp. 
The  quarry  and  yard  are  supplied  with  five  steam  derricks, 
four  hand  derricks,  and  three  steam  drills.  The  polishing 
works  are  well  equipped  with  rubbing  beds,  column  cutters, 
ball  polishers,  polishing  lathes,  etc.  Additional  equipment 
consists  of  one  50-hp.  air  compressing  engine,  one  30  arc  light 
dynamo,  and  four  crushers. 

The  unfortunate  condition  of  the  Berlin-Montello  Company's 
affairs,  resulting  from  the  business  depression,  naturally 
checked  the  operations  and  decreased  very  largely  the  sale  of 


MONTELLO 


• 


MONTELLO   AREA.  99 

the  stone.  As  soon  as  the  new  company  has  recovered  the  nat- 
ural set-back  contingent  upon  reorganization,  there  seems  to  be 
no  reason  why  the  sales  will  not  far  exceed  those  already  made. 

Statistical  Data. 

Amount  of  capital  invested:  $150,000.00 

Facilities  at  hand  for  quarryinsr,  4  waterwheels  aggregating  540  horse- 
power, 5  steam  derricks,  4  hand  derricks,  2  column  cutters,  2  rubbing  beds, 
8  Jenny  Lind  polishers,  4  polishing  lathes,  1  pendulum,  1  verticle,  4  ball 
polishers,  4  crushers,  3  steam  drills,  1-50  horsepower  air  compressor,  1-90 
arc  light  dynamo. 
Average  number  of  employees:  100. 
Wages  paid  different  classes  of  employees  per  day: 

Stonecutters $3.00 

Quarrymen 1.85 

Polishers 1 .50 

Tool  sharpeners 3.00 

Laborers •. 1 .  25  to  1 .  50 

Cost  of  cutting  and  dressing  stone  per  squrre  foot: 

Pointed $  .15 

Ax-hammered 60 

Bush  hammered  or  chiseled 85 

Polished 1.25 

Average  value  of  each  grade  per  cubic  foot: 

Monumental $1.00 

Building $  .25  to    .50 

Paving 10 

Rubble 04 

THK  MERKLE  GRANITE  COMPANY. 

The  Merkle  Granite  Co.  own  several  city  lots  in  which  is  in- 
cluded a  small  portion  of  the  south  end  of  the  large  mound. 
The  granite  which  is  quarried  at  this  place  is  the  brighter 
tinted  variety,  and  is  in  all  respects  similar  to  that  which  is 
quarried  by  the  Montello  Granite  Co.  The  opening  which  has 
been  made  is  small,  having  been  worked  but  little  prior  to  the 
formation  of  the  Merkle  Granite  Co.  (See  PI.  IV.,  Fig.  1.)  For 
a  number  of  years  the  quarry  has  been  worked  spasmodically  by 
Mr.  O'Brien,  a  member  of  the  new  company,  but  the  main 
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product  was  paving  blocks.  The  quarry  is  now  being  oper- 
ated exclusively  for  monumental  purposes.  The  stripping  at 
this  point  is  not  heavy,  but  will  probably  increase  as  the  quarry 
is  worked  back  into  the  hill.  The  quarry  here,  as  elsewhere,  is 
traversed  by  greenstone  dikes,  from  which  fine  stringers  occa- 
sionally radiate.  The  joints,  as  in  the  Montello  Granite  Co.'s 
quarry,  are  occasionally  cemented  or  healed  with  white  quartz. 
The  granite  from  this  quarry  was  not  tested,  on  account  of  the 
failure  by  the  company  to  send  the  survey  the  material  re- 
quested. 

The  Merkle  Granite  Co.  has  built  polishing  and  dressing 
works  at  the  quarry  and  are  prepared  to  do  all  kinds  of  monu- 
mental work.  They  have  been  operating  only  a  little  over  a 
year,  and  it  is  scarcely  possible  to  refer  to  any  important  work 
which  they  have  completed.  Nevertheless,  the  future  of  this 
company  ought  to  be  very  excellent.  The  granite  in  which  the 
company  is  operating  has  won  a  national  reputation,  and  it  is 
not  required  of  them  to  place  their  product  upon  the  market,  as 
an  experiment. 

BEBLIN    ABEA. 

Berlin  is  located  on  the  Fox  river,  in  the  northeastern  part 
of  Green  Lake  county.  (See  PI.  VIII.)  Situated  in  the 
midst  of  an  excellent  farming  country,  the  quarrying  industry 
has  been  merely  incidental  to  the  development  of  the  city.  The 
rock  which  is  quarried  at  this  place  is  often  incorrectly  spoken 
of  as  granite.  It  is  better  known  as  quartz  porphyry,  but,  if 
given  its  proper  place  in  the  classification  of  rocks,  it  should  be 
called  a  rhyolite.  The  two  mounds  from  which  the  rhyolite  is 
quarried  are  located  in  Sec.  3,  T.  7,  R.  13  E.,  about  half  a  mile 
from  the  Fox  river.  They  have  an  elevation  of  about  200  feet 
above  the  river,  and  trend  for  f  of  a  mile  in  a  general  NE.  and 
SW.  direction.  The  southwestern  slope  of  the  larger  moimd  is 
within  the  residence  portion  of  the  city,  while  near  the  top  is 
located  the  city  cemetery.  The  two  mounds  are  connected  by  a 
somewhat  narrow  saddle   about  30  to  40  feet  lower  than  their 
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summits.  The  exposures  at  the  surface  are  quite  general  over 
the  more  elevated  portions  of  both  mounds.  The  depth  of  strip- 
ping, or  soil  covering,  varies  in  different  parts  of  the  quarry,  but 
is  not  sufficiently  heavy  to  prevent  economical  working. 

Quarrying  operations  have,  at  different  times,  been  carried 
on  at  four  or  five  different  places,  but  at  present  only  two  open- 
ings, located  at  the  west  end  of  the  larger  mound,  are  being 
worked.  The  most  extensive  operations  since  1886  have  been 
conducted  at  the  quarry  owned  by  the  E.  J.  Nelson  Granite  Co., 
formerly  the  Berlin-Montello  Granite  Co.,  mentioned  in 
the  description  of  the  MonteUo  area.  The  small  quarry 
which  is  located  north  of  the  E.  J.  Nelson  Granite  Co.'s  works, 
is  owned  and  operated  by  Archer  McCallum. 

THE    E.     J.    NELSON    GRANITE    CO. 

The  E.  J.  Nelson  Granite  Co.  controls  about  30  acres  sur- 
rounding their  quarry.  Two  openings  have  been  made,  from 
each  of  which  a  large  amount  of  stone  has  been  quarried.  Both 
openings  are  somewhat  irregular  in  shape.  The  first  is  about 
300  ft.  long,  200  ft.  wide,  and  100  ft.  deep,  and  the  second  is 
100  ft.  long,  60  ft.  wide,  and  50  ft.  deep.  The  rock  in  the 
quarry  is  broken  into  polygonal  blocks  of  various  sizes  and 
shapes,  by  joints,  the  more  prominent  of  which  strike  N.  60° 
W.,  N.  83°  E.,  N.  82^  W.,  and  N.  73^-75°  E.  The  floor  of  the 
quarry  is  uneven,  being  made  up  of  several  planes  dipping  in 
various  directions  and  at  angles  of  from  15  to  35  degrees.  One 
can  easily  infer  from  the  complexity  of  the  jointing  that  the 
dimensions  which  it  is  possible  to  obtain  must  have  a  very  wide 
range.  The  largest  blocks  quarried  do  not  exceed  18  ft.  by  4 
ft.  by  3  ft.,  while  a  considerable  amount  of  the  stone  occurs  in 
such  relatively  small  dimensions  that  it  is  unfit  for  any  pur- 
poses except  macadam  and  block  paving.  The  fractures  in  the 
rhyolite  are  in  some  instances  completely  filled  with  veins  of 
quartz.  The  two  walls  are  often  so  perfectly  healed  that  the 
rock  is  more  durable  at  this  place  than  elsewhere. 

The  rock  has  differential  parting  capacities  in  three  direc- 
tions.    The  direction  along  which  the  rock  splits  most  readily 
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ifl  known  as  the  "rift."  As  observed  in  the  quarry  the  rift  has 
a  slight  dip  to  the  south  and  strikes  about  N.  60°  E.  at  the  large 
opening.  At  the  east  end  of  the  mound  the  direction  of  the 
strike  changes  to  N.  73°  E.  The  second  and  next  easiest  part- 
ing direction  is  known  as  the  "run."  The  run  is  nearly  verti- 
cal, and  strikes  at  right  angles  to  the  rift.  The  "head"  is  the 
plane  along  which  the  rock  splits  least  readily,  and  is  nearly 
horizontal. 

The  rhyolite  from  this  quarry  is  a  compact,  dense  rock  of  uni- 
form texture.  The  color  is,  in  general,  grayish  black,  but  is 
often  given  a  pinkish  tinge  by  the  large  feldspars  scattered 
through  the  groundmass.  Occasional  small,  black  streaks  oc- 
cur in  the  rock,  which  mar  the  ordinarily  uniform  color. 

The  excellence  with  which  the  rock  polishes,  depends  upon 
the  surface  which  is  polished.  The  "run"  and  "head"  surfaces 
take  a  very  excellent  finish,  but  the  attempts  to  polish 
the  rift  side  have  never  proved  satisfactory.  From  the  stand- 
point of  economy  in  cutting  and  dressing  the  stone  it  is 
very  unfortimate  that  the  rift  side  will  not  take  a  satisfactory 
polish.  In  cylindrical  columns  this  difficulty  is  manifestly 
not  so  objectionable  as  in  the  square  columns.  This  difference 
in  the  perfection  of  polish,  which  the  stone  takes  on  different 
surfaces,  is  due  to  the  structure  of  the  rock.  The  particles 
which  compose  the  rock  have  been  elongated  and  flattened,  and 
it  is  along  the  flattened  surface  that  the  rock  splits  most  read- 
ily and  polishes  least  satisfactorily. 

Laboratory  Examination. 

The  Dressed  Sample. — On  account  of  the  rift  and  run  the 
rhyolite  splits  in  these  directions  with  an  even,  regular  frac- 
ture, and  therefore  generally  has  an  even,  regular  rock  face, 
much  like  the  Montello  granite.  The  rock  face  has  a  dark, 
grayish  black  color,  which  contrasts  nicely  with  the  hammer 
dressed  surface,  which  is  light  bluish  gray.  The  polished 
head  of  the  rock  has  a  dense  black  background,  through  which 
numerous  roundish,  porphyritic  crystals  of  pink  feldspar  are 
scattered.     The  rift  face  differs  from  the  head  in  that  the  feld- 
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spar  crystals,  which  are  set  in  the  dense  black  background, 
have  an  elongated  and  flattened  outline.  The  feldspars  on  the 
run  surface  are  elongated,  but  not  flattened.  The  run  and  rift 
surfaces  are  traversed  in  the  direction  of  the  rift  by  narrow, 
reddish  brown  streaks,  only  noticeable  on  close  inspection. 
Certain  irregularities  in  the  texture  of  the  groundmass,  ap- 
pearing much  like  included  fragments  of  another  rock,  are 
brought  out  on  the  polished  head.  These  so-called  inclusions 
often  have  a  slightly  darker  color  than  the  groundmass,  and, 
in  some  instances,  have  a  distinctly  different  texture.  So 
closely  do  these  fragments  resemble  the  groimdmass  that  they 
cannot  be  said  to  be  in  any  way  deleterious  to  the  rock.  On  the 
other  hand,  they  contribute  to  the  variety  of  coloring  and 
structure,  affording,  as  previously  noted,  a  pleasing  variety  to 
the  almost  black  polished  surface.  The  accompanying  plate 
(PI.  VI.,  Fig.  2),  is  an  excellent  and  accurate  reproduction  of  a 
polished  sample  of  the  rock,  on  the  run  surface. 

Microscopical  Examination.^ — The  microscopical  examina- 
tion of  the  thin  section  shows  the  rock  to  have  a  finely  crys- 
talline groundmass  of  quartz  and  feldspar,  through  which  nu- 
merous large  porphyritic  crystals  of  feldspar  and  small  flecks 
of  biotite  are  scattered.      (See  PL  LXIII.,  Fig.  1.) 

Chemical  Analysis. — A  chemical  analysis  of  the  rhyolite, 
made  by  Weidman,  in  Bulletin  No.  3,  gives  the  following  com- 
position : 

Si     O, 73.65 

Al,  O, 11.19 

Pe«  O, 1.31 

Fe    O 3.25 

Ca   O 2.78 

Mg  O 51 

K,    0 1.86 

Na,  O 3.74 

H,    O 44 

^ 99.23 

'  For  complete  description  of  this  rock  the  reader  is  referred  to  Bulletia 
No.  3  of  the  WiscoDsin  Geological  and  Natural  History  Survey,  on  the 
Igneous  Rocks  of  the  Fox  River  Valley,  by  Dr.  Samuel  Weidman. 
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The  above  analysis  corresponds  in  the  percentage  of  silica 
and  aluminum  very  closely  with  that  of  the  Montello  granite 
made  by  Weichmann.  (See  p.  96.)  The  percentage  of  the 
soda-lime  constituents  is  higher  in  the  Berlin  rhyolite,  while 
the  percentage  of  potassium  is  higher  in  the  Montello  ^anite. 
The  differences  between  the  two  rocks  are  not  so  much  chemical 
as  they  are  structural,  textural,  and  crystallographic. 

Physical  Tests. — Reference  to  Chapter  VIII.,  Table  V.,  of 
the  physical  tests,  shows  that  the  specific  gravity  and  porosity 
of  the  rhyoHte  correspond  very  closely  with  the  results  ob- 
tained for  the  Montello  granite.  The  specific  gravity  is 
2.641,  while  the  average  percentage  of  pore  space,  or  porosity ^ 
is  .21ji^.  The  result  of  the  temperature  tests  was  also  quite 
similar  to  that  of  the  Montello.  The  sample  which  was  exposed 
to  extreme  heat  was  but  little  injured  below  a  temperature  of 
1000^  F.  When  heated  to  1500°  F.  and  allowed  to  cool, 
cracks  were  formed  through  the  sample  in  several  places. 

The  loss  in  weight  due  to  alternate  freezing  and  thawing 
amounted  to  about  .05  of  a  gram  on  a  sample  weighing  over 
375  grams,  which  is  equivalent  to  a  loss  of  about  .013  of  Iji. 
The  average  loss  in  strength  of  the  cubes,  due  to  freezing  and 
thawing,  was  13,075  lbs.  per  square  inch.  (See  Chapter  VIII., 
Table  VII.)  This  decrease  in  strength  may  be,  partly  at  least, 
attributed  to  the  injury  occasioned  by  freezing  and  thawing. 
The  average  strength  of  the  "frozen"  cubes  was  over  32,500  lbs. 
per  sq.  inch,  which  is  considerably  above  the  average  tests  on  or- 
dinary granite. 

The  maximiun  crushing  strength  of  the  fresh  samples,  made 
on  two  inch  cubes,  was  47,674  lbs.  per  sq.  inch.  This  is  the 
highest  crushing  strength  recorded  for  any  rock  of  which  it  has 
been  possible  to  find  any  record,  and  places  the  Berlin  rhyolite 
at  the  head  of  the  strong  rocks  of  the  world.  It  is  interesting 
to  observe  that  the  maximum  strength  was  obtained  when  the 
pressure  was  applied  normal  to  the  head.  Instead  of  this  on© 
would  naturally  expect  the  rock  to  have  the  greatest  strength  in 
either  of  the  other  two  directions. 
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General  Considerations. 

The  Berlin  rliyolite  is  the  strongest,  and  one  of  the  mo.st 
durable  monumental  and  building  stones  on  the  market.  The 
polished  surface  of  a  column  will  not  be  perceptibly  injured 
after  centuries  of  exposure.  The  mineralogical  composition, 
the  chemical  composition,  and  the  results  of  the  physical  tests 
are  all  indicative  of  stability  and  strength.  The  only  charac- 
teristic of  the  stone,  which  militates  against  it,  is  the  occasional 
occurrence  of  incipient  cracks,  black  streaks,  and  veins  of  white 
quartz.  These  should  be  guarded  against  and  carefully  avoided 
in  preparing  a  block  for  the  market. 

The  stone  has  been  largely  used  for  monimiental  purposes, 
and  may  be  found  in  many  of  the  cemeteries  of  the  north  cen- 
tral states.  Fifteen  years'  exposure  to  the  elements  has  had  no 
noticeable  effect  upon  the  stone,  and  wherever  it  has  been  used, 
it  is  as  fresh  and  untarnished  today  as  it  was  when  it  left  the 
shop. 

The  rhyolite  is  also  used  for  building  purposes,  and  among 
the  important  buildings  in  the  construction  of  which  it  has 
been  used,  may  be  mentioned  Science  Hall,  Madison,  Wis.,  and 
the  Bartlett  Building  of  Chicago.  The  rift  and  run,  which 
are  characteristic  of  the  rock,  especially  adapt  it  to  the  manu- 
facture of  paving  blocks.  Hundreds  of  thousands  of  these 
have  been  cut  and  laid  on  the  streets  of  Milwaukee,  Chicago, 
and  other  large  cities,  but  since  the  decline  in  the  demand 
for  block  paving  the  munber  manufactured  has  been  much 
less.  Cross  walks  and  curbing  are  also  cut  and  sold  in  con- 
siderable quantity.  The  crushed  rhyolite  is  well  adapted 
for  macadam,  and  has  supplied  a  large  demand  for  this  pur- 
pose. In  short,  the  Berlin  rhyolite  is  placed  upon  the  market 
to  supply  the  same  demands  as  the  Montello  granite.  But  on 
account  of  its  somber  color  and  the  difficulty  with  which  the 
rift  surface  is  polished,  it  has  not  met  with  as  much  favor  as  a 
monumental  stone,  as  has  the  Montello  granite.  The  rhyolite 
is  better  adapted  for  paving  purposes,  and  for  macadam  it  is 
unsurpassed  by  any  stone  on  the  market.  Very  beautiful 
monuments  have  been  constructed  by  combining  the  Montello 


106  ^^^   BUILDING   STONES   OF   WISCONSIN. 

granite  and  Berlin  rhyolite.  The  contrast  between  the  cheerful 
red  granite  and  the  almost  black  rhyolite  is  very  excellent,  and 
for  large  monuments  is  worthy  of  consideration.  The  two  have 
also,  with  equally  pleasing  results,  been  combined  with  the 
lighter  colored  granite  from  the  Berlin  Granite  Co.'s  quarry. 

The  E.  J.  Nelson  Granite  Co.  are  prepared  to  furnish  dimen- 
sion stone  for  building  paving,  curbing,  cross-walks,  and  mon- 
uments, and  crushed  rock  for  macadam.  For  monumental 
purposes  the  stone  has  heretofore  been  dressed  at  the  Montello 
Granite  Co.'s  works,  at  Montello ;  but  since  the  reorganization 
no  arrangements  have  been  made  for  polishing  stone.  The 
quarries  at  Berlin  are  equipped  with  four  engines,  aggregating 
130-hp.,  three  steam  derricks,  one  horse  power  and  one  hand 
derrick,  and  two  crushers.  Other  information  concerning  the 
organization  and  working  of  the  quarry  will  be  found  below. 

Statistical  Data. 

Facilities  at  hand  for  quarrying:    4  engines  of  130  horse-power,  3  steam 
derricks,  1  horse  power  and  1  hand  derrick,  2  crushers. 
Average  number  of  employees:    100. 
Wages  paid  different  classes  of  employees: 

Block  makers 80.40  per  hour. 

Stone  cutters 3.25  per  day. 

Tool  sharpeners 3.00  per  day. 

Drillers 2.00  per  day. 

Laborers Prom      1 .25  to  $1 .40  per  day. 

Cost  of  cutting  and  dressing  per  square  foot: 

Pointed $0.15 

Ax-hammered .60 

Bush-hammered  or  chiseled 85 

Average  value  of  each  grade  per  cu.  ft:     Building,  $0.50;  paving,  $0.10; 
rubble,  $3.00  per  cord;  macadam,  $1.00  per  cu.  yd. 

THE    ARCHER    m'caLLUM    QUARRY. 

The  small  quarry  north  of  the  E.  J.  Xelson  Co.'s  works, 
owned  by  Archer  McCallum.  has  been  operated  mainly  for 
paving.  The  rhyolite  at  this  place  is  similar  in  all  respectf 
to  that  at  the  other  quarry.  The  work  is  all  done  by  hand, 
the  only  equipment  being  a  hand  derrick,  hammers,  crowbars, 
etc. 


«  • 
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About  12  miles  northwest  of  Berlin,  in  the  town  of  Warren, 
Waushara  county,  several  small  mounds  of  granite  rise  above 
the  general  level  of  the  country.  On  one  of  these,  in  the  north- 
-east  corner  of  the  southeast  J  of  Sec.  18,  T.  18,  R.  12  E.,  is 
located  the  quarry  of  the  Berlin  Granite  Co.  On  another 
mound,  in  the  southeast  ^  of  Sec.  8,  T.  18,  R.  12  E.,  is  located 
the  quarry  of  the  Milwaukee  Monument  Co.  On  a  third 
mound,  near  Spring  Lake,  in  Sees.  22  and  23,  T.  18,  R.  11  E., 
XI  new  company,  called  the  Spring  Lake  and  Montello  Granite 
•Co.,  has  lately  opened  a  quarry. 

THE  BERLIN  GRANITE   CO. 

The  first  quarry  in  this  district  was  opened  by  the  Berlin 
Granite  Co.  in  1889.  The  members  of  the  present  company 
are  Wm.  Bannerman,  J.  Bannerman,  D.  Home,  and  Wm. 
Home.  The  quarries  are  worked  during  the  entire  year,  and 
have  been  operated  each  year  since  they  have  been  opened. 
Four  separate  openings  have  been  made.  The  first  one  is 
about  200  ft.  long,  100  ft.  wide,  and  12  ft.  deep.  The  second 
is  about  150  ft.  long,  100  ft.  wide,  and  20  ft.  deep.  The  third 
is  40  ft.  long,  40  ft.  wide,  and  8  ft.  deep.  The  fourth  opening 
is  40  ft.  long,  10  ft.  wide,  and  8  ft.  deep.  Some  portions  of 
the  mound,  on  which  the  main  openings  are  located,  are  covered 
by  a  very  light  mantle  of  drift,  but  in  many  places  the  rock  is 
•entirely  devoid  of  soil  covering.  The  amount  of  available 
«tone  is  apparently  unlimited. 

The  weathered    surface  of  the  rock    is  essentially  uniform, 
both  in  color  and  texture.      The  sap  of  blocks  quarried  at  the 
surface  does  not  extend  to  a  depth   of  more   than  10  inches  on 
the  upper  side,  and  about  1  inch  on  the  imder  side.       The  sap 
decreases,  as  the  depth  at  which  the  stone  is  quarried  increases. 
T^he  color  of  the  weathered  surface  is  white  with  a  tinge  of  pink. 
^VTiere  the  rock  has  been  uncovered  in  the  outcrop  for  any  con- 
siderable time  lichens  have  attached  themselves  to  the  surface. 
The  floors  of  the  different  openings  are  comparatively  level, 
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there  being  in  the  main  opening  a  dip  of  only  4°  or  5°  to  the- 
north.  The  major  joints  strike  K  30^  W.  and  N.  75^-80°  E. 
An  examination  of  the  quarry  face  and  of  the  natural  exposures 
indicates  that  dimensions  18  ft.  by  3  ft.  by  5  ft.  can  be  readily 
obtained.  Stone  of  almost  any  desired  size,  either  for  monu- 
mental or  building  purposes,  can  be  quarried. 

Besides  jointing,  the  granite  also  has  a  decided  rift  which 
strikes  about  N.  50°  E.  This  rift  facilitates  the  dressing  as^ 
well  as  the  quarrying  of  the  stone.  The  direction  of  the  rift 
is  somewhat  obscure  and  might  be  easily  overlooked  by  an  ordi- 
nary observer.  The  effect  which  this  structure  may  have  upon: 
the  strength  and  durability  of  the  stone  will  be  treated  in  a  sub- 
sequent chapter. 

Several  dikes  of  coarse  granite  traverse  the  quarry  iu  an  !NW. 
and  SE.  direction,  but  no  dark   stringers  such  as  occur  in  the 
Berlin  rhyolite  were  observed    at  this    locality.     The  granite- 
appears  to  be  remarkably  free  from  pegmatitic  and  other  veins. 

As  observed  in  the  different  openings,  the  granite  generally 
has  a  light  pink  color,  considerably  lighter  than  the  Mon- 
tello  granite.  This  li^ht  color  changes  in  certain  parts  of  the- 
quarry  to  a  deeper  red,  resembling  more  nearly  the  Montello- 
granite.  The  rock  is  fine  grained  and  has  a  uniform  texture- 
throughout  a  large  part  of  the  quarry.  Along  the  jointing 
planes  the  rock  is  stained  with  iron  oxide,  and  the  sap  occa- 
sioned by  weathering  extends  to  a  depth  of  from  two  to  ten 
inches  below  the  surface.  It  would  be  difficult  from  an  ex- 
amination of  the  quarry  to  designate  in  just  what  part  the  best 
stock  is  to  be  obtained.  The  stone  from  the  body  of  the  quarry 
is  essentially  the  same  in  all  parts.  Very  many  of  the  loose 
boulders  and  fragments  which  have  been  shoved  apart  from  the- 
main  mass  of  granite,  by  the  action  of  the  glaciers,  have  been, 
and  are  being  used  for  the  manufacture  of  paving  blocks  and 
curbing. 

THE  MILWAUKEE  MONUMENT   CO. 

The  quarry  of  the  Milwaukee  Monument  Co.  is  located 
about  a  mile  and  a  half  southwest  of  the  Berlin  Granite  Co/a 
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•quarry.  The  ridge  on  which  the  quarry  is  located  is  about 
half  a  mile  long  and  from  50  to  60  feet  high.  It  is  for  the 
most  part  irregular  in  outline,  but  has  a  general  northeast  and 
southwest  trend.  The  granite  of  which  the  ridge  is  largely 
composed  forms  an  almost  continuous  outcrop  from  one  end  of 
the  hill  to  the  other.  The  smooth  and  rounded  form  of  the 
outcrops  at  the  surface  are  evidences  of  glaciation.  The  strip- 
ping is  nowhere  heavy. 

Several  sets  of  joints  break  the  granite  into  polygonal  blocks 
of  various  dimensions  up  to  15  or  20  feet.  The  major  set  of 
vertical  joints  strike  'N,  37°-40^  W.  The  next  important  set 
strikes  N.  52°  E.  Two  other  sets  with  dips  in  different  direc- 
tions of  10°  to  45°  constitute  the  floor  of  the  quarry. 

Work  has  been  begun  at  a  number  of  places  along  tho  ridge, 
but  the  main  opening  is  near  the  west  end.  The  granite  at 
this  place,  to  a  depth  of  about  20  feet,  occurs  in  sheets  from 
two  to  four  feet  in  thickness.  The  main  wall  strikes  about  N. 
37°  W.,  and  is  about  20  feet  deep.  The  opening  is  quite  large, 
indicating  that  a  considerable  amount  of  stone  has  been  quar- 
ried at  one  time  or  another. 

Several  coarse  pegmatitic  and  quartz  veins,  having  a  general 
strike  of  N.  75-80°  W.,  intercept  the  granite  at  this  opening. 
Smaller  quartz  veins  occur  in  various  parts  of  the  granite, 
throughout  the  ridge.  The  sap  at  this  place  penetrates  the 
blocks  from  all  sides,  often  being  11  inches  deep  on  the  upper 
surface.  As  the  quarry  is  worked  deeper  it  is  quite  certain  that 
the  sap  will  decrease. 

The  color  and  texture  of  the  rock  is  essentially  the  same  as 
that  quarried  by  the  Berlin  Granite  Co.  The  weathered  por- 
tions are  much  lighter  colored  than  those  which  have  not  been 
weathered.  Some  slight  differences  in  color  appear  on  dif- 
ferent parts  of  the  ridge. 

THE  SPRING  LAKE  AND  MONTELLO  GRANITE  CO. 

The  Spring  Lake  and  Montello  Granite  Co.  began  quarrying 
in  the  fall  of  1897,  on  two  small   mounds  of  granite  about  a 
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mile  and  a  half  northeast  of  Spring  Lake  postoflBce,  in  Marion 
township,  Waushara  county. 

The  two  small  mounds  are  immediately  adjacent  to  each 
other,  and  together  form  what  is  locally  known  as  the  '^Island." 
The  mounds  are  in  the  midst  of  an  area  of  low  swampy  land, 
difficult  of  access,  except  in  the  winter  when  the  ground  is 
frozen. 

The  texture  of  the  granite,  the  jointing,  rift,  and  color, 
correspond  very  closely  with  the  granite  from  the  quarriea 
previously  described.  The  depth  of  sap  and  the  possible  di- 
mensions are  about  the  same  as  given  for  the  granite  at  the 
Milwaukee  Monument  Co.^s  quarry. 

Laboratory  Examination. 

The  characteristics  of  the  stone  from  different  quarries  of 
this  area  are  so  nearly  alike  that  they  will  be  considered  to- 
gether  in  the  following  descriptions. 

The  Dressed  Sample. — The  examination  of  a  polished  and 
dressed  specimen,  such  as  may  be  seen  in  the  laboratory  of  the 
Survey,  shows  that  the  granite  takes  a  rock  face  finish,  simi- 
lar in  most  respects  to  that  of  the  Montello  granite.  The  rock 
face  is  not  bold,  but  is  generally  smooth,  exhibiting  a  slightly 
conchoidal  fracture.  The  color,  as  previously  noted,  is  lighter 
than  that  of  the  Montello  granite.  The  hammer  dressed 
work  also  has  a  lighter  color  than  that  of  the  Montello  granite, 
being  a  decidedly  grayish  pink.  The  granite  takes  a  very 
excellent  polish,  the  composition  of  the  rock  being  such  that 
the  face  has  a  remarkably  clear,  smooth  finish.  The  color 
of  the  polished  surface  is  a  light  pink,  considerably  brighter 
than  the  rock  face.  This  pinkish  color  is  due  to  irregular  red- 
dish spots  disseminated  through  the  rock.  From  a  short  dis- 
tance, these  spots  cannot  be  distinguished  from  the  general 
grayish  pink  color  of  the  ground  mass,  with  which  they  are 
blended.  The  contrast  between  the  hammered  and  polished 
surfaces  is  not  as  striking  as  might  be  desired,  but  it  is  sufficient 
to  give  distinctness  to  any  lettering  that  may  be  placed  upon 
the  surface.     The  accompanying  plate  (PL  IX.,  Fig.  1)  shows^ 
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the  color  and  texture  of  the  rock,  of  which  it  is  an  exact  repro- 
duction. 

The  granite  from  the  ililwankec  ^Monument  Co/s  quarry  and 
from  other  openings  of  the  Berlin  Granite  Co.'s  quarry,  is 
u  shade  darker  red  than  that  shown  in  the  lithograph  of  the 
sample,  from  the  Berlin  Granite  Co.'s  quarry,  referred  to 
above. 

The  finish  which  the  stone  is  susceptible  of  taking,  both  pol- 
ished and  hammer  dressed,  corresponds  almost  identically  with 
the  stone  from  the  Berlin  Granite  Co.'s  quarry,  and  is  emi- 
nently satisfactory. 

Microscopical  Examination. — Under  the  microscope,  the 
thin  section  shows  that  the  Waushara  granite  is  composed  es- 
sentially of  quartz  and  feldspar.  These  two  minerals  consti- 
tute at  least  dO^  of  the  entire  rock.  Hornblende,  muscovite, 
zircon,  and  iron  oxide  are  the  principal  accessory  minerals,  but 
constitute  such  a  very  subordinate  part  of  the  granite  that  they 
are  of  relatively  little  importance. 

Orthoclase  and  microcline  are  the  main  varieties  of  feldspar, 
and  together  they  constitute  a  large  part  of  the  sections  exam- 
ined. The  orthoclase  has  been  largely  altered  to  microcline, 
although  the  cores  of  certain  of  the  larger  individuals  are 
partly  muscovite  or  sericite,  and  quartz.  The  individuals  of 
microcline  differ  widely  in  size,  ranging  all  the  way  from  the 
small,  almost  indeterminable  crystals  of  the  groundmass,  U> 
the  larger,  almost  porphyritic  constituents.  The  larger  indi- 
viduals show  evidence  of  having  been  badly  mashed  or  granu- 
lated, and  one  can  easily  distinguish  in  the  several  adjacent 
fragments  of  the  groundmass  the  outline  of  a  single  original 
feldspar  crystal.  Numbers  of  the  larger  individuals  have  been 
parted  along  the  cleavage  planes  and  the  opening  thus  formed 
has  afterwards  been  filled  with  quartz. 

The  quartz  is  largely  present  in  small  irregular  grains.  It 
would  be  diflBcult  to  assert  how  much  of  it  is  a  primary  or  how 
Bauch  a  secondary  constituent,  but  it  is  very  probable  that  the 
larger  part  is  secondary.  The  original  quartz  has  been  gran- 
idated  and  recrystallized,  until  it  is  almost  impossible  to  pasa 
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judgment  upon  the  origin  of  any  particular  part  of  it.  But 
of  greater  importance  than  the  question  of  origin,  is  that  of  the 
manner  in  which  the  individuals  are  now  aggregated.  The 
large  and  small  individuals,  alike,  interlock  in  a  very  intricate 
manner,  leaving  but  little  pore  space  and  giving  evidence  of 
great  strength  and  durability.  Plate  LXI.,  Fig.  2,  illustrates 
the  structure  of  the  rock,  and  shows  the  manner  in  which  the 
grains  unite. 

Chemical  Analysis. — The  chemical  composition  of  the  Wau- 
shara granite  as  analyzed  by  Dr.  Samuel  Weidman,  and  pub- 
lished in  Bulletin  K'o.  3  of  the  Wis.  Geol.  and  Nat'l  Hist.  Sur- 
vey, is  as  follows : 

Si    O, 74.62 

Al,  O, 10.01 

Fe,0, 3.85 

Fe   O  1.72 

Ca  O  2.43 

Mg  O  0.33 

K,   O  3.38 

Na,0  3.33 

H,   O 24 

99.71 

This  analysis  shows  the  presence  of  calciimi  and  sodium, 
which  leads  to  the  presumption  that  a  portion  of  the  feldspar 
is  probably  plagioclase.  The  analysis  corresponds  quite 
closely  with  that  of  the  Berlin  rhyolite.  (See  p.  103.)  There 
is  no  evidence  of  the  presence  of  any  deleterious  constituents. 

Physical  Tests. — We  have  learned  from  the  microscopical  ex- 
amination and  the  chemical  analysis  that  the  Waushara  gran- 
ite is  composed  of  very  stable  mineral  compounds,  and  that 
they  are  so  combined  as  to  suggest  a  very  strong  and  durable 
stone.  The  physical  tests  bear  out  this  presimiption.  Refer- 
ence to  Chapter  VIII.,  Table  V.,  shows  that  the  average  specific 
gravity  of  the  two  samples  tested  was  2.642,  which  is  essentially 
the  same  as  that  of  the  Montello  granite  and  the  Berlin  rhyolite. 
Turning  again  to  the  table  of  physical  tests,  we  notice  that  there 
is  a  similar  correspondence  in  the  amount  of  water  absorbed  by 
the  samples  which  averaged  .46  of  a  gram  for  a  mass  of  about 
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320  grams.  The  percentage  of  pore  space  or  porosity  is  ac- 
cordingly .38  of  1}^  of  the  total  mass  of  the  rock.  The  samples 
used  to  determine  the  specific  gravity  and  porosity  were  alter- 
nately frozen  and  thawed  each  day,  for  a  period  of  35  days^ 
and  the  loss  in  weight  carefully  determined.  It  will  be  seen 
by  referring  to  Chapter  VIII.,  Table  VI.,  that  the  loss  in  weight 
of  a  cube  weighing  300.68  grams  was  nothing.  The  crushing 
strength  per  square  inch  of  the  frozen  sample  from  the  Berlin 
Granite  Co.'s  quarry  was  over  11,000  lbs.  per  sq.  inch  higher 
than  the  crushing  strength  of  the  fresh  one.  In  the  case  of  the 
frozen  samples  from  the  Milwaukee  Monimient  Co.'s  quarry^ 
the  crushing  strength  averaged  2,796  lbs.  per  sq.  in.  less. 
Thus  it  is  seen  that  the  effect  of  freezing  and  thawing,  as  shown 
by  the  loss  in  weight,  is  so  small  as  to  be  scarcely  a  measurable 
quantity,  while  the  difference  in  crushing  strength  is  little 
considering  the  necessarily  small  size  of  the  pores. 

The  samples  which  were  heated  in  the  muffle  furnace  were 
little  injured  at  a  temperature  of  1000^  F.  Above  that,  and 
up  to  1200°  F.,  the  rock,  from  all  external  appearances,  waa 
slightly  injured,  but  after  being  cooled,  the  sample  emitted  the 
peculiar  ring,  characteristic  of  granite  which  has  been  heated 
to  a  red  heat.  The  strength  of  the  rock  was  very  greatly  dimin- 
ished and  it  may  be  said  that,  when  subjected  to  a  tempera- 
ture above  1200°  F.,  the  strength  of  the  rock  is  mainly  gone. 
The  high  temperature  changed  the  color  from  pink  to  light  gray^ 
with  the  faintest  possible  tinge  of  pink. 

The  crushing  strength  of  the  rock  is  given  in  Chapter  VIIL, 
Table  II.  A  sample  from  the  Berlin  Granite  Co.'s  quarry  tested 
24,800  lbs.  per  sq.  in.,  while  samples  from  the  Milwaukee  Monu- 
ment Co.'s  quarry  gave  a  crushing  strength  of  over  38,000  lbs, 
per  sq.  in.  Other  tests  (See  Chapter  VIII.,  Table  VL),  on 
granite  from  the  Berlin  Granite  Co.'s  quarry  gave  a  maximum 
crushing  strength  of  over  36,000  lbs.  per  sq.  in.,  showing  that  the 
crushing  strength  of  the  stone  from  the  two  quarries  is  about  the 
same.  The  average  crushing  strength  of  all  tests  on  fresh 
samples  was  32,180  lbs.  per  sq.  in.      The  modxdus  of  rupture 

was  not  determined,  but  it  is  very  evident  that  the  transverse 
8 
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strength  is  equal  to  that  of  rocks  of  similar  texture  and  compo- 
sition. 

Oeneral  Considerations, 

In  general;  it  will  be  observed  that  the  rock  quarried  by  the 
Berlin  Granite  Co.  and  the  Milwaukee  Monimient  Co.  is  equal, 
in  durability  and  strength,  to  other  granites  quarried  in  this 
and  adjacent  states.  The  results  of  the  tests  to  determine  the 
injury  due  to  alternate  freezing  and  thawing  and  extreme  heat 
were  very  satisfactory,  and  the  strength  of  the  stone  is  much 
higher  than  is  ordinarily  required  for  the  purposes  for  which 
the  quarry  is  prepared  lo  furnish  stone. 

Stone  from  these  quarries  has  been  used  mainly  for  monu- 
mental work  and  paving,  although  coursing,  pier,  cross-walk, 
and  curbing  stone  have  all  been  manufactured  in  large  quan- 
tities. For  monumental  purposes,  the  modest  subdued  color 
has  made  this  stone  less  attractive  than  the  more  brilliant  gran- 
ites, and  it  is  for  this  reason,  and  no  other,  that  it  has  not  met 
with  a  very  large  demand  in  the  monumental  market.  Either 
alone  or  in  combination  with  other  brighter  stones,  the  Wau- 
shara granite  may  be  used  to  excellent  advantage.  As  the  quar- 
ries are  worked  to  a  greater  depth,  the  granite  has  a  brighter 
tint,  approaching  nearer  the  color  of  the  Montello  granite,  than 
any  other  in  the  state. 

As  a  building  stone  it  is  well  adapted  for  all  purposes  of 
construction.  Dimensions  of  any  reasonable  size  may  be  ob- 
tained, and  the  capacity  which  the  stone  has  to  withstand  frost 
and  heat  gives  it  an  added  value  for  this  work.  Probably  no 
granite  quarry  in  the  state  is  better  suitjd  for  the  manufacture 
of  paving  blocks,  cross  walks,  and  curbing  than  that  of  the 
Berlin  Granite  Co.  The  fine,  generally  uniform  texture  of  the 
rock,  the  uniformly  smooth  head,  and  the  facility  with  which 
it  can  be  split,  make  it  one  of  the  most  admirable  stones  for 
these  purposes.  The  stone  has  been  furnished  to  the  Milwau- 
kee Street  Car  Co.  and  used  on  Broadway  and  Wisconsin 
streets  to  protect  the  asphalt  from  wearing  next  to  the  rails. 
The  C,  M.  &  St.  P.  Ey.  Co.   used  the  stone  at  the  tracks  of 
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their  depot  in  Milwaukee   in  1894.      In  both  cases  the  stone 
has  proved  perfectely  satisfactory. 

It  will  be  seen  by  referring  to  the  data  which  follow  on  p. 
116,  that  the  Berlin  Granite  Co.  has  been  doing  an  increasing 
business  since  1892,  something  which  is  remarkable,  consid- 
ering  the  general  condition  of  the  quarrying  industry  in  the 
state.  The  business  of  the  company  is  not  large,  but  when  one 
considers  that  the  quarry  is  located  12  miles  from  the  nearest 
railway  station,  and  that  the  stone  has  to  be  hauled  by  team 
the  entire  distance,  he  can  appreciate  that  the  stone  is  not  only 
of  excellent  quality  but  also  easily  quarried  and  worked. 

The  quarry  of  the  Milwaukee  Monimient  Co.  has  not  been 
operated  since  1896.  The  Spring  Lake  and  Montello  granite 
Co.  have  only  been  operating  about  a  year. 

Considering  together  the  quarries  of  the  Milwaukee  Monu- 
ment Co.,  the  Spring  Lake  and  Montello  Granite  Co.,  and  the 
Berlin  Granite  Co.,  Waushara  county  may  be  considered  one 
of  the  best  prospective  centers  for  quarrying  yet  opened  in  the 
state.  It  is  thought  that,  before  many  years,  railroad  capital 
will  be  convinced  of  the  desirability  of  extending  transporta- 
tion facilities  into  this  region,  which  will  very  greatly  assist  in 
its  future  development. 


Statistical  Data  of  the  Berlin  Oranite  Co. 

Amount  of  capital  invested:  $5,000.00. 

Facilities  at  hand  for  quarrying:    2  hp.  derricks. 

Average  number  of  employees:    18. 

Wages  paid  different  classes  of  employees:    Blaster,  $2.50;  blacksmith, 
$2.25;  drillers,  $2.00;  paving  cutters  paid  by  the  piece. 

Cost  of  cutting  and  dressing  per  square  foot: 

Pointed $0.25 

Ax-hammered 50 

Bush  hammered  or  chiseled 80 

Polished 1 .  50 

Cost  of  transportation:    By  rail  to  Chicago,  $1.20  per  ton. 

Average  value  of  each  grade  per  cubic  foot:    Paving  blocks,  $0.90;  mon- 
uments, $1.00;  building  stone  from  $0.50  to  $1.50. 
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Shipments  for  the  past  five  years: 

1892,  paving  blks.,'500  tons;  monument  stone,  20  t. 
1803,  paving  blks.,  1000  tons;  building,  100  t. 

1894,  paving  blks.,  1500  tons;  monument  stone,  •%  t;  Building,  900 1. 

1895,  paving  blks.,  2000  tons;  building,  200  t. 

1896,  paving  blks.,  i525  tons;  cross  walks  100  t.  Hon.  ABldg.,  100 1. 

Statistical    Data  of  the  Milwaukee  Monument  Co. 

Average  value  of  each  grade  per  cubic  foot:    Monumental,  $L50. 
Shipments  for  three  years: 

1893 3,000  cubic  feet. 

1894 100,000  paving  blocks. 

1896 200,000  paving  blocks. 


TJTLEY    ABEA. 

THE    GREEN    LAKE    GKANITE    CO. 

One  of  the  important  rhyolite  knobs  of  Green  Lake  county 
is  located  in  the  center  of  Sec.  36,  T.  15,  E.  13  E.,  on  the  C, 
M.  &  St.  P.  Ky.,  near  Utley.  (See  Plate  VIII.)  Quar- 
rying operations  were  begun  at  this  place  in  1884  by  the 
Green  Lake  Granite  Company  and  have  continued  up  to  the 
present  time.  The  quarry  is  situated  on  the  north  side  of  the 
somewhat  steep  mound  which  rises  to  an  elevation  of  about 
100  feet  above  the  railroad  at  its  base.  The  exposed  portions 
of  the  rhyolite  are  very  large,  and  quarr\Tng  operations  have 
been  carried  from  the  west  end  nearly  half  way  around  the  hill 
to  the  north.  The  quarrying  operations  have  extended  into 
the  hill  in  a  very  irregular  manner  leaving  a  rough,  jagged 
face.  The  rock  is  broken  into  irregular  blocks  by  three  rela- 
tively prominent  jointing  planes,  which  strike  respectively  N. 
65°  E.,  K  43°  W.,  and  K  60-75°  W.  These  joints  are  so  close 
that  it  is  difficult  to  obtain  any  but  small  dimension  stock. 
Other  joints  occur  which  are  often  of  an  incipient  nature  and 
as  such  they  do  not  appear  until  the  stone  is  being  worked.  The 
rhyolite  also  exhibits  a  decided  rift,  along  which  direction,  par- 
allel to  the  surface,  it  parts  more  readily  than  in  other  direo- 
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tions.     On  the  north  side  of  the  hill  the  rift  has  a  slight  dip  to 
the  north,  while  on  the  south  side  the  dip  is  apparently  south. 

The  rock,  as  observed  in  the  quarry,  has  much  the  appear- 
ance of  the  rhyolite  from  Berlin,  but  has  in  general  a  blacker 
color,  and  contains,  besides  porphyritic  pink  feldspar  small 
roundish,  glistening  crystals  of  quartz.  The  exposed  surface  of 
the  rock  weathers  evenly.  The  shallow  depth  to  which  disin- 
tegration has  gone  and  the  growth  of  lichens  both  give  evidence 
of  the  durability  of  the  stone. 

Laboratory  Examination. 

The  Dressed  Sample. — The  specimen  in  the  laboratory  of 
the  Survey  shows  that  the  rock  will  take  a  very  high  polish. 
Through  the  intensely  black  groundmass  there  are  dissemin- 
ated numerous  roundish  pink  feldspar  crystals,  and  clear,  trans- 
lucent quartz  grains,  which  give  a  very  pleasing  effect  to  the 
color  of  the  polished  surface.  The  parts  that  are  hammer 
dressed  have  a  somewhat  lighter  color  than  the  polished  face, 
making  a  favorable  contrast.  Except  along  the  rift  where  the 
fracture  is  comparatively  smooth  and  even  the  rock  breaks 
with  a  splintery,  rough,  and  often  conchoidal  fracture. 

Microscopical  Examination. — The  mineralogical  composition 
and  texture  are  best  understood  after  an  examination  of  the 
thin  section  under  the  microscope.  Such  an  examination 
shows  the  rock  to  consist  of  a  fine  cryptocrystalline  groimd- 
mass,  through  which  is  disseminated  numerous  large  and 
small  porphyritic  crystals  of  feldspar  and  quartz,  and  occa- 
sional sections  of  hornblende,  biotite,  and  other  subordinate 
minerals.  The  groundmass  is  composed  of  finely  crystalline 
quartz  and  feldspar  in  individuals  so  minute  that  it  is  scarcely 
possible  to  differentiate  one  mineral  from  the  other.  The  large 
feldspar  crystals  are  more  abundant  than  the  quartz,  and 
have  peculiarly  irregular  outlines.  Certain  of  the  feldspars 
are  simple  individuals,  others  are  twinned,  while  there  is  still 
a  third  class  which  are  intergi'owths  of  two  varieties.  The 
feldspar  is  generally  fresh,  but  occasionally  small  areas  may 
be  observed  that  are  partly  altered  to  quartz,  sericite,  and  other 
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minerals.  The  quartz  individuals  have,  as  a  rule,  a  regular 
outline,  and  appear  decidedly  clear  in  the  dense  groundmass 
in  which  they  are  imbedded.  Magnetite  and  sometime  pyrite 
are  disseminated  in  small  grains  through  the  rock.  The 
thin  section  shows  numerous  veins  of  quartz  and  feldspar, 
which  were  originally  fracture  planes,  now  well  cemented.  In 
general,  the  size  and  arrangement  of  the  individual  grains 
point  to  a  strong  and  durable  rock,  equal  in  all  respects  to  those 
previously  described.  The  general  structure  of  the  rock  and 
arrangement  of  the  individuals  are  nicely  shown  in  the  accom- 
panying plate.     (Plate  LXIII.,  Fig.  2.) 

Chemical  Analysis. — The  chemical  composition  of  the  rhy- 
olite,  as  determined  by  Dr.  Samuel  Weidman,^  is  as  follows : 

Si    O, 73.09 

Al,  O, 13.43 

Fe,  O, 2.57 

Fe   O  2.57 

Ca  O  2.29 

Mg  O  1.03 

K,   O  1.58 

Na,0  3.85 

Mn  O  Trace 

H,  O 72 

101.13 

The  sample  analyzed  contained  small  percentages  of  CO2, 
Bulphur,  and  zirconium,  none  of  which  were  quantitatively  de- 
termined in  the  analysis.  This  analysis  shows  a  high  percent- 
age of  silica  and  a  relatively  low  percentage  of  iron,  both  of 
which  indicate  a  durable  stone. 

Physical  Tests. — The  specific  gravity  of  the  Utley  rhyolite 
was  determined  to  be  2.645,  and  the  porosity  .019  of  Ij^,  which 
is  the  lowest  pore  space  of  any  stone  tested.  The  strength  of 
the  stone  was  not  determined,  but  it  is  very  certain  from  the 
microscopical  examination  and  the  porosity  test  that  it  is  very 
high. 

'Bui.  No.  3,  Wis.  Greol.  and  Nat.  Hist  Survey. 
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General  Considerations. 

It  may  be  said  in  general  that  the  color  of  the  stone  is  rela- 
tively permanent,  and  the  durability  and  strength  are  all  that 
can  be  desired,  either  for  monumental,  building,  or  road  con- 
struction. On  account  of  the  difficulty  experienced  in  obtain- 
ing large  dimensions  and  the  uncertainty  attending  the  suc- 
cessful working  of  the  blocks,  due  to  incipient  joints,  the  stone 
has  not  been  very  largely  used  for  either  monumental  or  build- 
ing purposes.  Its  main  use  has  been  in  road  construction, 
either  as  block  paving  or  macadam.  For  these  purposes  the 
stone  seems  to  be  very  well  adapted.  Blocks  for  paving  are 
not  as  readily  cut  as  at  Berlin,  on  account  of  the  less  pro- 
nounced rift,  but  this  is  mainly  an  item  in  the  economy  of 
working  the  quarry,  and  does  not  aflFect  the  durability.  The 
Utley  rhyolite  is  well  adapted  for  the  manufacture  of  macadam, 
and  it  is  manly  for  this  purpose  that  the  stone  is  exploited.  The 
numerous  joints  are  an  advantage  in  exploiting  the  stone  for 
macadam,  and  the  close  texture  and  fine  grain  of  the  rock  give 
it  a  capacity  to  resist  abrasion,  scarcely  equalled  by  granite. 

The  Green  Lake  Granite  Co.  are  prepared  to  furnish  stone 
for  monumental,  building,  macadam,  and  paving  purposes. 
The  market  for  their  product  has  heretofore  been  mainly 
Chicago,  but  with  the  increased  demand  for  macadam  through- 
out Wisconsin,  it  should  be  in  use  in  the  construction  of  roads 
in  many  of  the  cities  of  this  state. 

Statistical  Data. 

Amount  of  capital  invested:    $120, 000.00. 

Facilities  at  hand  for  quarrying:  1-120  horse  power  engine,  4  crushers- 
and  pulyerizers. 
Average  number  of  employees:    30  to  50. 

HABQUETTE    ABEA. 
NOBLE^S     QUABBY. 

On  a  knob  of  rhyolite  located  in  Sees.  34  and  35,  T.  16^ 
R.  11  E.,  near  the  south  shore  of  Puckaway  lake,  is  a  quarry 
known  as  Noble's  quarry.   (See  Plate  VIII. ^  The  height  of  the 
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'knoll  above  the  river  is  about  125  feet.  The  area  of  the  hill 
ivas  not  determined,  but  comprises  at  least  several  acres  and  the 
iimount  of  available  stone  is  therefore  practically  unlimited. 
Quarrying  has  been  pushed  back  into  the  hill  for  a  distance  of 
iibout  50  or  60  feet,  and  the  opening  now  has  three  faces  with  a 
maximum  depth  of  50  feet.  The  quarry  has  not  been  operated 
for  a  number  of  years,  owing  to  the  lack  of  transportation  facili- 
ties. When  operated,  it  is  necessary  either  to  haul  the  stone  by 
team  a  distance  of  14  miles  to  the  nearest  railway  station,  or 
transport  it  down  the  Fox  river  on  scows  built  for  the  purpose. 

The  natural  exposures  of  rhyolite  have  a  dull  gray  color, 
and  show  but  little  disintegration  from  weathering.  Wher- 
ever the  rock  is  not  covered  with  moss  or  soil,  lichens  grow 
abundantly  on  the  surface.  The  stone  is  broken  into  polygonal 
blocks  by  numerous  jointing  planes,  which  strike  X.  87°  E., 
and  about  north  and  south.  These  jointing  planes  are  very 
prominent,  and  constitute  the  walls  of  the  large  quarry  open- 
ing. The  floor  of  the  quarry  is  formed  by  a  number  of  joint- 
ing planes  dipping  at  different  angles  and  in  different  direc- 
tions. One  of  these  jointing  planes  dips  at  an  angle  of  15  de- 
^ees  to  the  north,  and  another  dips  at  about  the  same  angle  in 
the  opposite  direction.  It  is  possible  by  careful  selection  to 
<juarry  blocks  5  ft.,  by  5  ft.,  by  6  or  8  ft.  Blocks  of  this  size 
are  not  abundant  in  the  quarry,  the  major  portion  of  the  rock 
l)eing  broken  into  much  smaller  dimensions.  A  careful  exam- 
ination of  the  surface  of  the  natural  exposures,  south  of  the 
•quarry  opening,  shows  that  along  Avhat  may  be  called  fracture 
zones,  the  rock  is  broken  into  very  small  blocks.  Between 
these  zones  the  joints  are  farther  apart,  and  consequently  the 
Hocks  obtained  are  of  larger  and  better  dimensions.  Never- 
theless it  is  to  be  noted,  that  one  of  the  diflSculties  in  working 
this  quarry  for  monumental  and  constructional  purposes,  is  to 
obtain  with  ease  stock  of  large  dimensions.  It  might  be  neces- 
€ary  to  work  over  a  large  part  of  the  quarry  before  a  block  of  the 
required  size  could  be  obtained.  When  it  comes  to  exploiting 
the  stone  for  the  manufacture  of  macadam,  the  close  fracturing 
is,  of  course,  advantageous. 
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The  rock  has  a  rift  which  is  ahnost  vertical,  and  strikes 
about  east  and  west.  It  is  most  distinctly  marked  by  the 
fltreaky  appearance  of  the  rock  in  the  natural  exposures  adja- 
cent to  the  quarry  opening. 

The  general  color  of  the  rock  is  black,  speckled  with  por- 
phyritic  crytsals  of  pink  feldspar  and  translucent  blebs  of 
quartz.  The  color  corresponds  very  closely  to  that  of  the 
Utley  rhyolite  previously  described. 

The  rhyolite  polishes  very  beautifully,  and  where  the  rock 
can  be  obtained  in  sufficiently  large  dimensions,  free  from  in- 
cipient cracks,  it  is  very  suitable  for  monumental  purposes. 
The  stone  has  never  been  used  to  any  extent  for  either  monu- 
mental or  building  purposes,  because  of  the  difficulty  which  is 
encountered  in  obtainning  sufficiently  large  dimensions,  but 
it  has  been  quarried  mainly  for  road  construction,  in  the  shape 
of  paving  blocks  and  crushed  stone.  For  these  purposes  it  is 
well  adapted,  although  it  is  thought  that  the  difficulty  in  cut- 
ting the  paving  blocks,  might  make  them  too  expensive  for  prof- 
itable manufacturing. 

There  is  a  considerable  question  as  to  whether  it  will  be 
profitable  to  work  this  quarry,  until  railway  facilities  are 
brought  much  neaier  than  at  present.  It  is  very  difficult  for 
£  quarry,  which  is  located  some  distance  from  a  railroad,  to 
successfully  compete  Avith  those  having  transportation  facili- 
ties immediately  at  hand.  But,  nevertheless,  in  spite  of  the 
difficulties  of  transix)rtation,  during  the  time  when  the  demand 
for  paving  blocks  Avas  very  large,  the  stone  was  successfully 
ijuarried  and  carried  by  water  from  Puckaway  lake,  by  way 
of  the  Fox  river,  to  the  nearest  markets.  For  this  purpose,  a 
•dock,  which  no  longer  exists,  was  built  on  the  lake  shore  at  a 
point  near  the  quarry.  Such  a  method  of  transportation 
appears,  at  this  time,  to  be  impracticable,  and  the  quarry  must 
await  new  developments. 

OBANITE    CITY    ABEA. 

The  tongue  of  igneous  rocks  extending  south  from  the  main 
crystalline  area  of  north  central  Wisconsin,  through  Waupaca 
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county,  is  largely  composed  of  granite,  more  or  less  covered 
with  drift.  (See  Plate  XIV.)  From  Granite  City  in  the  town 
of  Wyoming,  Waupaca  county,  north  as  far  as  Hunting,  granite- 
outcrops  at  many  places. 

HUNTING. 

At  Hunting,  which  is  the  junction  of  the  Omaha  with  the 
Big  Falls  railroad,  an  abundance  of  undeveloped  granite  out- 
crops a  short  distance  from  the  tracks.  An  exposure,  covering 
several  acres  and  having  a  south  face  of  ten  to  fifteen  feet,  pre^ 
sents  a  very  accessible  place  for  quarrying.  The  main  joints 
at  this  locality  strike  [Jf.  40°  E.,  and  N.  40°  W.  Other  sets 
were  observed  which  had  strikes  of  N.  35°  W.  and  N.  65°  E., 
respectively.  These  principal  jointing  planes  are  2,  4,  6,  and 
8  feet  apart.  The  joints  striking  N.  65°  E.  are  in  certain 
places  as  much  as  25  feet  apart.  From  these  observations  it 
is  quite  evident  that  very  excellent  dimensions  can  be  readily 
obtained  at  this  place. 

The  weathered  surface  of  the  granite  is  grayish  white.  Dis- 
integration  has  not  penetrated  to  a  greater  depth  than  two 
inches,  and  the  fresh  surface  show^s  a  medium  grained  pink 
colored  groundmass,  in  which  are  embedded  occasional  large- 
porphyritic  crystals  of  feldspar.  These  porphyritic  individu- 
als are  often  as  much  as  an  inch  long,  by  a  half  or  two-thirds- 
of  an  inch  thick.  With  the  exception  of  the  abundant  por- 
phyritic sonstituents,  the  granite  is  very  similar  to  that  which* 
has  been  quarried  at  Granite  City.  There  is  little  question 
but  that  the  granite  at  this  place  will  before  many  years  be 
I3tilized  for  some  purpose. 

GEANITE     CITY LEUTHOLD     QUABBY. 

At  Granite  City,  in  the  west  central  part  of  the  town  of 
Wyoming,  is  located  a  quarry,  known  as  the  Leuthold  Quarry^ 
For  a  number  of  years  the  granite  from  this  quarry  had  an  ex- 
tensive sale  in  the  north  central  states,  both  for  monumental 
and  paving  purposes,  but,  owing  to  financial  and  other  diflScul- 
ties,  the  quarry  has  been  idle  for  several  years.     The  granite  is^ 
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naturally  exposed  in  oval  elongated  mounds  or  ridges,  sparsely 
covered  with  soil,  known  by  geologists  as  "rdches  moutonn^es.'^ 
The  longer  axes  of  these  mounds  have  a  general  east  and  west 
direction,  and  the  V-shaped  trenches,  8  or  10  feet  deep,  between 
the  smaller  ridges,  have  much  the  appearance  of  glacial  goug- 
ings. 

Here,  as  elsewhere,  there  are  two  prominent  sets  of  joints 
striking  respectively  K  80^  E.  and  N.  10°  to  15°  E.  These 
with  other  joints  break  the  rock  into  polygonal  blocks,  the  larg- 
est observed  measuring  about  6  ft.  by  8  ft.  by  10  ft.  The  surface 
of  certain  knobs  adjacent  to  the  one  on  which  the  quarry  is  situ- 
ated, have  a  surface  which  is  very  much  fractured  by  numerous 
short,  close  joints,  one  to  six  feet  long,  two  to  ten  inches  apart, 
and  striking  'N.  80°  E.  It  is  possible  that  these  joints  do  not 
extend  to  any  considerable  depth  below  the  surface,  and  their 
presence  may  be  due  partly  to  a  combination  of  weathering  and 
forest  fires.  In  areas  where  forest  fires  have  been  prevalent, 
it  seems  very  probable  that  the  stone  at  the  surface  may  be 
materially  injured  by  the  heat  from  the  burning  of  the  debris 
strewn  over  the  surface.  This  heat  may  even  be  so  intense 
as  to  develop  joints  at  the  surface,  in  the  direction  of  easiest 
parting. 

The  color  of  the  granite  after  it  has  been  exposed  to  the 
weather  for  a  very  long  time  is  essentially  gray.  Small  pits, 
resulting  from  the  occasional  weathering  of  a  large  porphyritic 
crystal  of  feldspar,  may  be  observed  on  the  exposed  surface. 
These  pits  are  often  from  a  fourth  to  a  half  inch  long  and  an 
eighth  of  an  inch  deep,  while,  exceptionally,  larger  ones  are 
found  an  inch  in  length.  Otherwise,  the  weathered  surface  is 
uniform  throughout.  The  sap  does  not  extend  to  a  depth  of 
more  than  two  inches. 

The  fresh  surface  of  the  granite  has  two  quite  distinct  shades 
of  color.  The  brighter  colored  variety  has  a  reddish  tone, 
while  the  other  is  a  gray  with  the  faintest  tinge  of  red.  The 
difference  in  color  is  due  to  the  feldspar,  which  in  the  red  va- 
riety has  a  much  deeper  red  color  than  in  the  gray.  The  bril- 
liant small  red  feldspar  individuals  give  the  rock  a  very  attrae- 
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tive  appearance.  The  granite  immediately  at  the  quarry  is  re- 
markably free  from  the  porphyritic  feldspar.  An  occasional 
inclusion  of  a  foreign  rock  occurs  in  the  quarry,  which  detracts 
from  the  value  of  the  stock  for  monumental  work. 

The  granite  is  cut  in  a  number  of  places  by  coarse  pegmatitic 
veins,  often  a  foot  and  a  half  wide.  None  of  these  large  veins 
intercept  the  granite  inmiediately  at  the  quarry,  although  a  num- 
ber of  smaller  ones  were  observed. 

The  company  that  operated  the  quarry  worked  three  differ- 
ent openings.  One  of  the  two  openings  at  the  east  end  of  the 
mound  has  a  face  of  25  feet.  The  other  is  about  125  feet  long 
by  75  feet  wide  by  40  feet  deep.  The  floor  of  each  of  these 
openings  is  uneven,  and  the  main  wall  has  been  worked  across 
the  natural  face.  The  third  opening  has  a  natural  face  of 
about  15  feet,  and  the  indications  for  obtaining  good  stock  are 
better  than  at  either  of  the  other  openings.     (See  PI.  XI.) 

Laboratory  E anamination. 

The  Dressed  Sample. — The  polished  surface  of  the  granite 
has  a  very  pretty  red  or  gray  color.  The  finish  is  not  brilliant, 
but  rather  mild.  The  color  and  texture  are  nicely  shown  in 
the  accompanying  plate.     (Plate  IX.,  Fig.  2.) 

Microscopical  Examination. — The  examination  of  the  thin 
section  under  the  microscope  shows  a  rock  having  a  holocrystal- 
line,  granitic  texture.  The  individual  grains  are  close  fitting, 
and  interlock  in  a  very  intricate  manner.  The  main  constitu- 
ents of  the  rock  are  feldspar,  quartz,  and  biotite.  Feldspar  is 
the  most  abundant  and  consists  mainly  of  orthoclase  and  micro- 
cline.  Many  of  the  feldspar  individuals  have  a  dirty,  cloudy 
appearance,  due  to  minute  particles  of  iron  oxide,  which  are  the 
source  of  the  red  color  of  the  rock  when  viewed  macroscopically. 
Small  flakes  of  secondary  muscovite  or  sericite  are  dissemin- 
ated quite  abimdantly  through  the  feldspar  individuals. 
Quartz,  which  is  the  next  constituent  to  feldspar  in  point  of 
abundance,  is  easily  distinguished  from  the  feldspar  by  its 
clear  and  lucid  character.  It  constitutes  a  very  important 
part  of  the  granite,  contributing  both  strength  and  durability. 
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The  third  important  constituent  is  biotite,  which  occurs  in 
medium  sized  grains  quite  uniformly  disseminated  through  the 
rock. 

Physical  Tests. — ^As  a  result  of  the  physical  tests  the  average 
specific  gravity  was  foimd  to  be  2.676,  and  the  pore  space  .372 
per  cent.  (See  Chapter  VIII.,  Table  V.)  Freezing  and  thaw- 
ing for  35  days,  as  sho^vn  in  Table  VI.,  did  not  decrease  the 
weight  of  the  sample.  The  average  crushing  strength  of  the 
frozen  specimen  was  14,886  lbs.  per  sq.  in.,  or  10,000  lbs.  per  sq. 
in.  less  than  the  crushing  strength  of  the  fresh  sample.  The 
crushing  strength  of  the  fresh  sample  was  25,000  lbs.  per  sq.  in. 
The  loss  of  10,000  lbs.  was  at  least  partly  due  to  the  somewhat 
irregular  shape  of  the  sample  tested. 

Oeneral  Considerations. 

The  results  of  the  above  examination  indicate  that,  as  far  as 
durability  and  strength  are  concerned,  the  granite  from  this 
quarry  is  eminently  suited  IkjT  most  classes  of  monumental 
and  constructional  work.  The  quarry  is  well  equipped  with 
tracks,  polishing  works,  and  other  necessary  equipment,  but  is 
now  idle,  awaiting  the  cessation  of  litigation  and  the  appear- 
ance of  new  capital.  The  amount  of  good  granite  in  this  vicin- 
ity is  imlimited,  and  the  close  proximity  to  the  railroad  makes 
the  quarry  especially  desirable.  The  granite  takes  a  very  good 
polish,  works  with  comparative  ease,  and  is  well  suited  for  cer- 
tain classes  of  monumental  work.  It  is  perhaps  not  as  durable 
as  the  granites  containing  a  less  percentage  of  mica  and  more 
quartz,  and  yet  it  is  well  suited  for  a  large  class  of  monumental 
work.  It  can  be  used  to  advantage  for  building  purposes,  ma- 
cadam, and  block  paving.  Difiiculty  might  be  experienced  in  se- 
curing a  very  great  quantity  of  large  dimension  stock  for  heavy 
constructional  work,  but  for  lighter  masonry  no  such  diflSculty 
would  be  met.  The  composition  of  the  granite  shows  that  it  Is 
well  adapted  to  the  manufacture  of  macadam.  Its  wearing  qual- 
ity is  probably  not  as  great  as  that  of  more  siliceous  rocks,  but 
the  greater  facility  with  which  it  can  be  crushed  ought  to  place 
it  upon  the  market  at  a  lower  price. 
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In  time  there  will  be  a  large  demand  for  this  granite,  and 
even  today  monument  workers,  who  have  once  used  the  stone, 
are  making  inquiries  with  reference  to  it.  The  moderate  ease 
with  which  it  is  cut  and  dressed  allows  it  to  be  placed  on  the 
market  at  a  price  that  meets  the  demands  of  those  who  cannot 
pay  for  a  more  expensive  granite,  such  as  the  Montello. 

WATJPACA   ABE  A. 
WAUPACA  GRANITE  CO. 

The  Waupaca  Granite  Co.'s  quarry  is  located  south  of  the 
Granite  City  area,  on  a  tongue  of  igneous  rocks,  which  ex- 
tends from  the  main  crystalline  area  in  Shawano  county, 
through  the  eastern  portion  of  Waupaca  county,  to  within 
6  miles  of  the  Waushara  county  line.  (See  Plate  XIV.) 
The  quarry  is  situated  about  5  miles  north  of  the  city  of 
Waupaca,  in  the  midst  of  a  rough  glacial  country.  The 
hill  on  which  the  quarry  is  located  rises  about  100  feet  above 
the  general  level  of  the  country,  and  is  composed  almost 
entirely  of  granite,  there  beiig  only  a  light  stripping  of  boulder 
clay  and  soil.  An  examination  of  the  hill  shows  that  it  is  com- 
posed of  at  least  three  diflFerent  kinds  of  granite,  which  may  be 
readily  distinguished  from  one  another  by  marked  diflFerences 
in  texture  and  composition. 

Only  one  of  the  three  kinds  of  granite  is  quarried.  The 
opening,  from  which  this  is  taken,  is  situated  at  the  south  end 
of  the  hill.  The  quarry  was  opened  in  1886,  and  since  that 
time  has  been  operated  four  years,  including  1896  and  1897. 

The  single  opening  which  has  been  made  is  about  90  feet  deep 
and  extends  along  the  face  of  the  cliflF  for  a  distance  of  about  100 
feet.  Besides  the  granite  which  has  been  taken  out  of  the  hill 
at  this  place,  a  number  of  boulders  of  large  dimensions,  on  the 
east  side  of  the  hill,  have  been  worked  into  saleable  stock.  The 
company  controls  40  acres  of  land  surroimding  the  quarry,  and 
the  amoimt  of  granite  which  is  easily  accessible  is  practically 
imlimited. 

An  examination  of  the  quarry  face  and  the  natural  exposures 
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reveals  several  sets  of  joints,  which  traverse  the  quarry  in  as 
many  diflFerent  directions.  The  main  set,  which  forms  the  back 
wall  to  the  quarry,  strikes  about  N.  75°  E.,  with  a  dip  from  the 
vertical  of  about  5  degrees  to  the  south.  The  second  set  strikes 
about  N.  12°  E.,  and  the  third  strikes  X.  83°  E.  Besides  these 
major  joints,  the  rock  is  traversed,  in  various  other  directions, 
by  parting  planes  having  no  regularity  of  occurrence.  The 
major  joints  are  usually  continuous,  extending  beyond  the 
limits  of  the  quarry,  but  the  others  are  discontinuous,  being 
<5onfined  to  the  quarry  or  even  to  a  portion  of  the  quarry.  In 
places  the  fractures  are  close,  and  traverse  the  quarry  in  zones, 
breaking  the  rock  into  fragments  varying  from  a  few  inches 
to  several  feet  in  thickness.  Between  these  zones  of  close  frac- 
turing, the  joints  are  much  more  open,  and  dimension  stock 
may  be  obtained  often  10  or  12  feet  by  6  feet  by  4  feet.  The 
finer  seams  are  occasionally  filled  and  perfectly  sealed  with 
chlorite.  In  other  instances,  seams  which  cannot  be  detected 
in  the  stock,  as  it  is  taken  from  the  quarry,  appear  after  the 
dressing  has  neared  completion.  The  natural  exposures  on  the 
west  slope  of  the  hill,  are  the  least  fractured  of  those  anywhere 
observed,  and  it  is  thought  that  an  opening  at  this  place  would 
furnish  stock  of  the  largest  dimensions. 

The  weathering  of  the  granite  in  the  natural  exposures  is 
very  uneven.  The  weathered  surface  is  rough  and  pitted, 
showing  that  the  rock  is  composed  of  mineral  constituents  of 
different  degrees  of  hardness,  the  softer  of  which  weather  out 
the  more  rapidly.  The  exposed  surface  of  the  granite  is  here, 
AS  in  other  quarries,  covered  with  an  abundance  of  lichens. 
These  growths  merely  indicate  that  the  rock,  as  a  whole, 
weathers  slowly. 

The  color  of  the  granite  from  this  quarry  differs  quite 
widely.  The  commonest  color  is  a  combination  of  black  and 
pink,  called  gray.  (Plate  XII.,  Fig.  1.)  The  other  color  is 
a  combination  of  green  and  pink,  known  as  red.  (Plate  XII., 
Fig.  2.)  The  pink  feldspars  predominate  very  largely  in  all 
the  varieties,  while  the  green  and  black  minerals  mingle  in  va- 
rious proportions  to  give  all  gradations  between  the  so-called 
gray  and  red  varieties. 
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The  rock  consists  mainly  of  large  individuals  of  feldspar,  be* 
tween  which  are  disseminated  small  crystals  of  feldspar,  quartz^ 
hornblende,  biotite,  chlorite,  and  epidote.  The  flesh  colored 
feldspar  contributes  the  reddish  tinge  to  the  rock,  Avhile  the  bio- 
tite and  hornblende  are  the  sources  of  the  black.  The  greeik 
color  of  the  red  variety  is  due  to  the  abundance  of  epidote  and 
chlorite  occurring  with  the  porphyritic  crystals  of  feldspar. 
Occasionally  the  rock  is  stained  along  the  jointing  planes  with 
iron  oxide.  Green  streaks  of  chlorite  or  epidote  sometimes 
traverse  the  rock,  rs  above  mentioned. 

Laboratory  Examination. 

The  Dressed  Sample. — An  examination  of  samples,  similar 
to  those  in  the  laboratory  of  the  Survey,  shows  that  the  granite 
takes  a  very  desirable  polish.  The  variety  which  contains  a 
large  percentage  of  hornblende  and  biotite,  is  less  susceptible  to 
a  brilliant  polish  than  the  one  which  is  nearly  free  from  such 
ingredients.  But  considering  the  coarseness  of  the  constituent 
minerals,  it  may  be  said  that  the  polished  surface  is  very  excel- 
cellent.  The  red  variety  takes  a  polish  which  is  more  lasting 
than  the  gray,  which  may  be  attributed  to  the  fact  that  epidote 
in  the  first  variety  takes  the  place  of  biotite  in  the  latter. 

The  large  porphyritic  feldspar  crystals,  of  which  the  granite 
is  mainly  composed,  average  from  3  to  1  inch  in  diameter,  al- 
though occasional  individuals  measure  as  much  as  an  inch  and 
a  half.  The  hammer  dressed  surface  of  the  granite  has  a  pink- 
ish red  color,  differing  but  little  from  the  color  of  the  polished 
surface.  The  contrast  between  the  hammer  dressed  and  pol- 
ished surfaces  is  not  very  sharp.  The  rool:  face  is  rough  and 
irregular,  standing  out  in  bold  contrast  to  the  hammer  dressed 
and  polished  faces.  Stone  cutters  experience  some  diflSculty  in 
dressing  sharp  corners  on  the  stone,  on  account  of  the  readiness 
with  which  the  feldspar  breaks  along  its  cleavage  planes.  This 
unfortunate  characteristic  often  entails  additional  expense  in 
cutting  and  dressing  the  stone. 

One  of  the  pleasing  features  of  columns  built  out  of  thi» 
gi.inite  is  that  no  two  faces  have  exactly  the  same  details  of  tex- 
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ture  or  color.  If  one  examines  in  detail  the  four  sides  of  a 
monument  built  out  of  Waupaca  granite^  he  will  find  that  each 
has  a  distinctly  different  mottling  and  color.  The  large  size 
of  the  porphyritic  feldspars,  and  their  uneven  arrangement, 
combined  with  the  constantly  varying  proportions  of  biotite  and 
cpidote,  give  detailed  effects  which  are  never  the  same  on  two 
different  surfaces.  The  color  and  texture  of  the  two  extreme 
varieties  are  accurately  reproduced  in  Plate  XII. 

Microscopical  Examination. — The  porphyritic  texture  of  the 
granite  can  be  best  observed  in  the  hand  specimen,  but  the  min- 
€ralogical  composition  can  be  best  determined  with  the  aid  of  a 
microscope.  Such  an  examination  shows  that  the  other  impor- 
tant constituents,  besides  feldspar,  are  quartz,  epidote,  ziosite, 
biotite,  hornblende,  and  chlorite.  Among  these,  epidote  ap- 
pears to  predominate  in  certain  sections,  while  either  quartz  or 
biotite  is  the  most  abundant  in  others.  The  only  remaining 
constituent  of  importance  is  iron  oxide,  which  gives  a  reddish 
<5olor  to  the  porphyritic  feldspars  and  portions  of  the  matrix. 

The  feldspar  consists  of  several  varieties,  including  ortho- 
clase,  microcline,  and  plagioclase.  Intergrowths  of  two  of 
these,  forming  microperthite,  are  not  uncommon.  The  feld- 
spar individuals  are  all  more  or  less  decomposed,  the  principal 
alteration  products  being  zoisite  and  epidote.  The  lesser  al- 
teration products  are  quartz,  chlorite,  and  sericite  or  muscovite. 
Biotite  and  hornblende  are  unaltered  in  the  fresher  sections, 
but  where  the  granite  has  been  much  decomposed,  chlorite  has 
developed  as  a  product  of  either  one  or  both  of  these  minerals. 
Where  biotite  and  hornblende  predominate,  decomposition  has 
not  proceeded  as  far  as  where  chlorite  and  epidote  are  more 
abundant.  The  green  variety  is  only  a  phase  of  the  black,  in 
which  decomposition  has  very  largely  altered  the  biotite,  horn- 
blende, and  feldspar  to  chlorite,  epidote,  and  other  products. 

The  larger  individuals   have  been  both  granulated   and  re- 

<5ry8tallized.     The  quartz  grains,   as  a  rule,  show  more  or  less 

tmdulatory  extinction,  and  many  of  the  feldspars  are  cracked 

or  bent.     The  individuals  interlock  in  an  intricate  manner,  as 

shown  in  Plate  LX.,  Fig.  1.     The  granulation  and  decompo- 
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Bition  of  the  feldspar  may  have  lessened  somewhat  the  strength. 
of  the  rock,  but  not  enough  to  decrease  its  usefulness. 

OenercU  Considerations. 

The  macroscopic  and  microscopic  examinations  of  the  rock^ 
combined  with  its  physical  characteristics,  indicate  that  the 
Waupaca  granite  is  best  suited  for  inside  ornamental  work,  al- 
though monuments  and  mausoleimis  constructed  therefrom  may 
stand  iminjured  for  many  decades.  The  green  tinted  or  red 
variety  is  thought  to  be  better  adapted  to  withstand  climatic 
changes  than  the  gray. 

The  Waupaca  gianite  has  been  used  very  largely  in  Chicago 
and  elsewhere,  both  for  constructional  and  ornamental  work. 
Among  the  more  important  buildings,  in  the  construction  of 
which  it  has  been  used,  may  be  mentioned  the  Omaha  Bee 
building  and  the  gateway  to  Lake  View  cemetery,  Minneapolis ; 
the  chapel  and  gateway  to  Graceland  cemetery,  the  Telephone 
building,  and  the  Gus  Wilkie  residence,  Chicago.  The  Wis- 
consin State  Soldiers'  monument  at  Chickamauga,  (See  PI. 
XIII.),  and  the  columns  in  the  Wm.  Balcome  monument  in 
Forest  Hill  cemetery,  Chicago,  ar3  among  the  more  important 
monumental  works  built  out  of  Waupaca  granite. 

The  durabilty  of  polished  colimms  of  the  red  variety  is  shown 
by  a  large  column  which  has  stood  for  ten  years  in  the  yard  of 
the  company,  and  is  as  perfect  today  as  it  was  when  first  fin- 
ished. On  accoimt  of  the  ready  cleavage  of  the  feldspars  and 
the  coarseness  of  the  biotite,  it  is  thought  that  the  granite 
from  this  quarry  can  be  worked  with  much  greater  facility  and 
to  better  advantage  into  cylindrical  columns  than  into  square 
cornered  work  There  is  probably  no  more  beautiful  or  bril- 
liant stone  quarried  anywhere  in  the  country  for  inside  orna- 
mental work,  wainscoting,  columns,  or  balustrades,  than  that 
which  is  taken  from  the  Waupaca  Granite  Company's  quarry. 
DiflSculty  has  been  experienced  here,  as  elsewhere,  in  securing^ 
without  special  effort,  very  large  dimensions ;  but  for  ordinary 
dimensional  purpose,  monumental  work,  or  wainscoting,  an 
abundance  of  material  easily  accessible  can  be  found  in  most 
parts  of  the  quarry. 
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The  works  of  the  company  are  equipped  with  water  power^ 
and  polishing  and  cutting  works  adjacent  to  the  quarry.  The- 
economical  working  of  the  quarry  has  been  hampered  by  the- 
lack  of  transportation  facilities,  it  being  necessary  to  haul  the- 
stone  by  team,  a  distance  of  5  miles,  to  the  nearest  railroad  sta- 
tion. But  in  spite  of  this  difficulty,  the  granite  has  attained 
an  enviable  reputation  in  the  market,  in  competition  with  other 
more  easily  accessible  granites.  It  is  thought  that  before  many 
years  this  granite  will  be  one  of  the  leading  ornamental  stone» 
in  the  country. 

Statistical  Data. 

Amount  of  capital  invested:    $40, 000 .  00. 

Shipment  for  1896,  2000  cu.  ft. 

Facilities  at  hand  for  quarrying:  1  steam  derrick,  30  hp.  engine,  1  gan^ 
saw,  1  hand  derrick,  2  polishing  surfacers,  1  polishing  lathe,  1  column 
cutting  lathe. 

Average  number  of  employees:    12. 

Wages  paid  different  classes  of  employees: 

Stone  cutters 13.25 

Drillers 1.50 

Laborers 1.25 

Cost  of  cutting  and  dressing  per  square  foot: 

Sawn I  .30 

Pointed 20 

Ax-hammered 30 

Bush-hammered  or  chiseled 75 

Polished 1.00 


GBANITE    HEIGHTS   ABEA. 

One  of  the  first  granites  quarried  in  Wisconsin  oocors  at 
Granite  Heights,  about  ten  miles  north  of  Wausau.  This  gran- 
ite, although  not  found  immediately  at  Wausau,  is  widely 
known  as  the  "Wausau  Granite."  It  is  very  abundant  and  out- 
crops at  numerous  places  over  an  area  of  many  square  miles» 
It  extends  continuously  in  a  broad  belt  on  either  side  of  the 
Wisconsin  river  from  Granite  Heights  north  as  far  as  Pine 
river,  a  distance  of  about  5  or  6  miles.     The  granite  outcrops 
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at  many  places  along  the  bluffs  adjacent  to  the  river,  over  this 
entire  distance.  In  the  direction  of  Wausau,  outcrops  occur 
on  the  east  side  of  the  river,  for  about  a  mile  south  of  the 
Heights  station,  where  the  C,  M.  &  St.  P.  railroad  skirts  the 
foot  of  a  somewhat  steep  bluff.  The  bluff  has  an  elevation  of 
about  200  feet  above  the  river,  and  extends  parallel  to  it  for  a 
distance  of  about  a  mile.  Along  this  entire  distance  the  gran- 
ite outcrops  almost  continuously.  These  outcrops  are  mainly 
in  Sees.  23,  24,  and  26,  T.  30,  B.  7  E.,  and  on  them  are  located 
the  L.  S.  Cohn  Granite  Quarries. 

West  of  the  Wisconsin  river,  at  this  place,  the  escarpment  is 
•distant  about  a  mile  and  a  quarter.  Here,  as  on  the  east  side 
of  the  river,  excellent  exposures  of  the  same  granite  are  found. 
The  bluffs  rise  to  about  the  same  elevation,  but  with  a  much 
gentler  slope.  The  vertical  cliffs  on  the  western  escarpment 
are  not  over  20  or  30  feet  high,  below  which  the  slope  to  the  val- 
ley is  comparatively  gentle.  The  hillside  is  in  many  places 
thickly  strewn  with  enormous  boulders  of  granite,  which  have 
been  moved  by  the  glaciers  from  the  adjacent  cliffs.  The  prin- 
cipal outcrop  is  found  on  Sec.  22,  T.  30,  R.  7  E.,  where  the 
Granite  Heights  and  New  Hill  O'Fair  quarries  are  located. 

HISTORY    OF    THE    DEVELOPMENT. 

The  value  of  the  Wausau  granite  was  first  recognized  by 
I.  S.  Cohn  in  1874-75,  while  exploring  the  natural  resources 
of  that  region.  Samples  were  sent,  at  that  time,  to  Mott  &  Co., 
of  Joliet,  HI.,  who  reported  that  "the  material  was  too  hand- 
some when  polished  to  bear  out  the  possibilty  of  finding  much 
of  a  ledge."  When  the  railroad  had  reached  the  Heights  in 
1880  openings  were  made  at  several  places  along  the  bluff  east 
of  the  river,  revealing  the  presence  of  gray,  as  well  as  several 
■different  shadeo  of  red  granite.  Soon  after  these  openings 
were  made,  Groth  &  Peters,  of  Wausau,  leased  the  one  at  the 
•extreme  north  and  operated  it  for  building  stone  and  paving 
"blocks,  mainly  the  latter.  This  company  employed  a  hundred 
or  more  men  during  several  seasons,  until  the  demand  for  pav- 
ing.blocks  from  the  large  cities  was  well  supplied.     In  1884, 
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the  Cohn  &  Bobertson  Mfg.  Co.  opened  a  new  quarry  south  of 
the  one  above  mentioned,  and  in  1896  a  third  opening  was  made 
by  L.  S.  Cohn.  The  first  monument  was  built  by  the  Cohn  h 
Kobertson  Mfg.  Co.,  in  1885.  At  the  present  time  monuments 
constructed  from  this  stone  may  be  found  in  cemeteries  all  over 
the  northwest. 

The  Granite  Heights  quarry,  operated  by  Anderson  Bros.  & 
Johnson,  was  opened  on  property  owned  by  August  Eackbush  & 
Son,  in  1895,  and  is  worked  from  April  to  November  of  each 
year.  The  quarrying  operations  have  thus  far  been  confined 
to  large  boulders.  The  New  Hill  O'Fair  quarry,  owned  and 
operated  by  Olson  &  Magnesun,  is  adjacent  to  the  Eackbush 
property,  and  produces  essentially  the  same  granite.  It  was 
opened  in  1896. 

At  the  present  time  four  companies  are  operating  in  the 
Wausau  granite.  The  Cohn  &  Robertson  Mfg.  Co.  and  the 
Fred  DeVoe  Granite  Co.  are  operating  the  quarries  of  the  L.  S. 
Cohn  Granite  Co.,  on  the  east  side  of  the  river.  On  the  west 
side  of  the  river  the  New  Hill  O'Fair  quarry  is  operated  by  Ol- 
son &  Magnesim,  and  the  quarry  of  August  Kickbush  &  Son  is 
operated  by  Anderson  Bros.  &  Johnson. 

QUAKBY    OBSEBVATIONS. 

The  color  of  the  granite  over  this  extensive  area  is  not  uni- 
form, but  varies  from  gray  through  reddish  brown  to  brilliant 
red. 

The  several  openings  on  the  east  side  of  the  river  produce 
three  shades  of  red,  or  reddish  brown,  and  a  gray.  The  gran- 
ite which  is  quarried  on  the  west  side  is  mainly  the  bright  red  va- 
riety. The  individuals  composing  the  granite  do  not  differ 
greatly  in  size  in  the  different  localities,  being  ordinarily  of 
medium  size.  In  most  parts  of  the  area  the  granite  is  massive, 
but  in  several  instances  a  more  or  less  schistose  structure  has 
been  developed. 

The  granite,  which  in  many  places  has  been  exposed  to 
the  weather  for  a  very  long  time,  shows  very  little  disintegra- 
tion at  the  surface,  which  is  evidence  of  its  durability.     The 
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neeatliered  surf aoe  has  either  a  pinkish  white,  g^^Jy  or  reddiah 
brown  color.  The  weathering  is  generally  uniform^  resulting 
in  a  comparatively  even  surface.  In  the  outcrops  east  of  the 
river  the  stone  is  often  much  broken  up  and  discolored  at  the 
surface.  In  places,  the  quartz  and  feldspar  individuals  have 
been  coated  with  iron  oxide,  staining  and  discoloring  the  gran- 
ite in  patches,  to  the  depth  of  about  8  feet.  The  depth  to 
which  iron  staining  is  ordinarily  observed  is  much  less^  ezoept 
4dong  jointing  planes,  where  the  granite,  on  either  side,  is  often 
discolored  to  a  much  greater  depth. 

Laboratory  Examination. 

The  Dressed  Sample. — The  granite  is  well  adapted  to  rock 
face  work.  The  fracture  is  such  as  to  give  the  work  a  moder- 
ate degree  of  prominence,  harmonizing  with  either  heavy  or 
light  constructional  work.  The  hammered  work  is  smooth  and 
even,  and  ordinarily  has  a  grayish  red  color.  The  granite  is 
susceptible  to  a  very  high  polish,  possibly  higher  than  that  of 
any  similar  granite  in  the  state,  the  bright  red  variety  taking 
what  is  known  as  a  water  finish.  The  color  varies  from  a  gray 
to  a  brilliant  red,  depending  on  the  color  of  the  rock.  The  pol- 
ished surface  is  given  variety,  in  some  of  the  quarried  stone,  by 
the  recognizable  schistosity,  and  the  difference  in  the  tint  of 
red.  The  contrast  between  the  polished  and  hammered  sur- 
faces is  such  that  any  lettering  is  brought  out  with  perfect 
clearness,  as  shown  in  Plate  LIX.,  Fig.  1,  which  was  repro- 
•duced  from  a  photograph  of  a  specimen  in  the  Survey  labora- 
tory, from  Olson  &  Magnesun's  quarry.  The  color  and  texture 
of  the  gray  and  brilliant  red  varieties  are  well  shown  in  Plate 
XVI. 

The  gray  granite  is  quarried  only  on  the  L.  S.  Cohn  property, 
<6ast  of  the  river.  This  stone  has  not  yet  been  placed  on  the 
market,  but  the  examination  of  the  polished  specimen  gives  evi- 
dence of  a  stone  equally  well  adapted  to  fine  finished  work  as 
the  red  granite.  The  contrast  between  the  hanmiered  and  pol- 
ished surfaces  is  not  as  ^eat  as  in  the  red  varieties,  and  any 
fe«ering  will  be  e«r,espo^di,^lv  le»  di.«nct 
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Microscopical  Examination. — An  examination  of  a  number 
of  thin  sections  under  the  microscope  shows  that  the  rock  is  com- 
posed mainly  of  feldspar  and  quartz,  with  a  very  little  biotite 
and  hornblende.  The  grains  are  of  medium  and  compara- 
tively uniform  size.  Feldspar  is  the  most  abimdant  constitu- 
ent, composing  about  three-fourths  of  the  entire  rock.  The 
color  of  the  red  varieties  is  mainly  due  to  the  abundant  red  and 
flesh  colored  feldspars.  The  color  of  the  gray  variety  is  the  re- 
sult of  a  combination  of  white  feldspar,  dark  mica,  and  horn- 
blende. But  even  the  gray  granite  contains  an  occasional  pink 
colored  feldspar,  which  gives  the  faintest  tinge  of  pink  to  the 
rock  The  feldspar  individuals  have  very  irregular  outlines, 
and  interlock,  in  an  intricate  manner,  with  the  adjacent  min- 
erals of  the  groundmass.  The  feldspar  consists  of  orthoclase, 
microcline,  and  plagioclase,  but  the  former  largely  predomin- 
ates. Intergrowths  of  two  feldspar  varieties  and  twinning  of 
single  varieties,  are  of  common  occurrence.  As  seen  in  ordi- 
nary light,  the  feldspar  has  a  dirty  color,  although  it  is  usually 
but  little  altered.  The  quartz  is  similar  in  outline  to  the  feld- 
spar, and  interlocks  in  the  same  complex  fashion.  Strain 
shadows  are  very  marked.  The  quartz  is  clear  and  translucent. 
Both  the  quartz  and  feldspar  individuals  have  been  somewhat 
granulated  about  their  margins.  Fractures  in  the  rock  have 
been  sealed  with  veins  of  secondary  quartz  and,  occasionally, 
feldspar. 

Biotite  is  a  more  abundant  constituent  of  the  gray,  than  the 
red  granite,  being  present  in  small  flakes  uniformly  distributed 
through  the  rock.  Hornblende  occurs  in  relatively  small  in- 
dividuals in  both  the  red  and  gray  varieties,  but  it  is  not  abun- 
dant in  either.  Iron  oxide,  in  the  form  of  hematite  and  mag- 
netite, is  present  in  all  the  varieties.  The  magnetite  occurs  in 
irr^ular  patches,  often  partly  altered  to  hematite.  The  rusty 
brown  color  of  the  granite  near  the  surface  is  largely  due  to  the 
weathering  of  the  magnetite.  The  hematite  occurs  in  both  the 
Ded  and  brown  varieties.  The  former  occurs  in  the  fresh  rock, 
while  the  latter  is  found  mainly  in  the  weathered  portions. 
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The  composition,  texture,  and  kind  of  mineral  constituenta 
are  shown  in  the  microphotograph,  Plate  LX.,  Fig.  2. 

Chemical  Analysis. — The  chemical  analysis  of  a  sample  from 
Anderson  Bros.  &  Johnson's  quarry,  west  of  the  river,  by  Prof. 
W.  W.  Daniells,  gives  the  following  composition : 

Si    O, 76.54 

Al,  O, 13.82 

Fe,0, 1.62 

Pe   O  

Ca  O  0.85 

Mg  O  0.01 

K,  O  2.31 

Na.O  4.32 

H,  O 20 

99.67 

Physical  Tests. — The  specific  gravity  of  the  granite,  as  shown 
by  determinations  made  on  specimens  from  the  quarries  on  both 
sides  of  the  river,  is  practically  uniform,  averaging  2.63.  (See 
Chapter  VIII.,  Table  V.)  This  is  somewhat  less  than  the  spe- 
cific gravity  of  the  other  Wisconsin  granites,  but  it  only  indicates 
the  absence  of  the  less  durable  ferruginous  minerals.  The  poro- 
sity of  the  sample  tested  from  Olson  &  Magnesun's  quarry  was 
.379j^.  The  two  specimens  from  Anderson  Bros.  &  Johnson's 
quarry  had  an  average  porosity  of  A2^  The  sample  from  L.  S. 
Cohn's  quarry  gave  an  average  porosity  of  .18j^.  Thus  it  ap- 
pears that  the  porosity  of  these  samples  is  imiformly  very  low, 
and  the  probability  is  that  the  size  of  the  pores  are  correspond- 
ingly small. 

Samples  were  placed  in  a  muffle  furnace,  and  heated  to  a 
temperature  of  1200°  or  1400°  F.  At  a  temperature  of  1000^ 
the  specimens  were  but  little  injured.  One  of  the  samples  was 
rapidly  cooled  from  a  temperature  of  1200°  to  1500°,  which 
caused  the  comers  to  flake  off.  (See  Plate  LVII.,  Fig.  1.) 
The  others  were  allowed  to  cool  gradually,  and  there  was  but  • 
little  external  evidence  of  injury.  Close  examination  and 
testing,  however,  showed  that  the  strength  of  the  rock  was 
largely  gone.     Due  to  the  extreme  heat,   the  color  of  the  rock 
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was  changed  after  cooling  to  a  pinkish  gray.     (See  Chapter 
VIIL,  Table  X.) 

Samples  from  the  quarries  west  of  the  river  were  tested  to 
determine  the  effects  of  alternate  freezing  and  thawing.  Ref- 
erence to  Chapter  VIII.,  Table  VI.,  shows  that  the  sample  from 
Olson  &  Magnesun's  quarry  lost  .12  of  a  gram  in  weight,  after 
the  35  days'  exposure,  and  that  the  two  samples  from  Anderson 
Bros.  &  Johnson's  quarry  experienced  an  average  loss  in  weight 
of  only  .08  of  a  gram,  .\fter  determining  the  loss  in  weight, 
these  samples  were  placed  in  the  crushing  machine  to  ascertain 
the  loss  in  crushing  strength.  Chapter  VIII.,  Table  VII.,  gives 
the  comparative  strength  of  the  frozen  and  fresh  samples,  and 
shows  that  the  frozen  sample  from  Olson  &  Magnesun's  quarry 
tested  7,894  lbs.  per  sq.  inch  less  than  the  fresh  one.  The 
frozen  samples  from  Anderson  Bros.  &  Johnson's  quarry  tested 
on  an  average  of  2,201  lbs.  per  sq.  in.  less.  The  low  crushing 
strength  of  the  frozen  cube  from  Olson  &  Magnesun's  quarry 
was,  at  least,  partly  due  to  its  imperfect  shape. 

The  compressive  strength  of  the  granite  was  determined  by 
crushing  two  inch  cubes  from  each  of  the  three  quarries.  The 
results  are  given  in  Chapter  VIII.,  Table  II.  It  will  be  ob- 
served that  the  average  crushing  strength  of  the  granite  from 
Anderson  Bros.  &  Johnson's  quarry  is  22,507  lbs.  per  sq.  inch, 
which  is  above  the  average  for  granite.  The  crushing  strength 
of  the  granite  from  Olson  &  Magnesun's  quarry  is  27,200  Ibfl. 
per  sq.  inch,  which  corresponds  very  closely  with  that  obtained 
for  the  samples  from  Anderson  Bros.  &  Johnson's  quarry.  The 
average  crushing  strength  of  three  samples  from  L.  S.  Cohn's 
quarry  was  22,575  lbs.  per  sq.  in. 

The  transverse  tests,  made  upon  small  rectangular  pieces, 
gave  an  average  modulus  of  rupture  of  2,518.5  lbs.  per  sq.  inch. 
(See  Chapter  VIII.,  Table  III.)  This  result  is  much  higher 
than  is  required  of  stone  used  for  the  heaviest  constructional 
purposes,  and  demonstrates  the  suitability  of  the  stone  for  use 
in  positions  where  a  relatively  high  transverse  strength  is  de- 
manded. 
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Description   of   Individual   Quarries. 

In  the  following  descriptions,  the  accessibility  of  the  stone, 
and  the  conditions  and  facilities  for  quarrying  at  the  indi- 
vidual quarries  are  considered. 

THE  L.  8.  COHN  GRANFTE  CO.'s  QUASBIES. 

It  has  been  previously  stated  that  the  L.  S.  Cohn  quarries 
<X)nsist  of  three  separate  openings,  each  of  which  has  been 
worked  quite  extensively  at  different  times.  They  are  located 
immediately  adjacent  to  the  C,  M.  &  St.  P.  Ry.,  at  the  Heights 
station.  The  slope  of  the  hill,  which  rises  to  an  elevation  of 
about  200  feet  above  the  railroad,  is  strewn  with  angular  frag- 
ments of  granite  of  various  dimensions.  The  principal  out- 
•crops  are  at  the  ends  of  the  hill  or  near  the  sunmiit,  but  by  clear- 
ing away  the  boulders  and  angular  fragments  the  solid  granite 
may  be  reached  at  a  very  little  depth  on  almost  any  part  of  the 
slope.  The  maximum  stripping  at  any  place  on  the  slope  ap- 
parently does  not  exceed  15  or  20  feet,  the  average  being  proba- 
bly not  over  6  or  8  feet.  The  granite,  at  all  the  openings  thus  far 
made,  is  somewhat  altered  and  discolored  to  a  depth  of  several 
feet  below  the  surface.  To  this  depth  the  quartz  grains  are 
mainly  coated  with  a  thin  film  of  iron  oxide,  which  imparts  a 
dirty  brown  color  to  the  stone.  This  discoloration  by  iron 
oxide  is  also  very  noticeable  adjacent  to  the  jointing  planes, 
where  it  sometimes  extends  a  considerable  distance  into  the 
rock  on  either  side  of  the  wall.  Besides  these  stainings,  black 
streaks  occasionally  occur  in  the  rock. 

The  main  set  of  joints  at  the  most  northern  opening  strike 
K  40-45°  E.  The  second  set  strikes  N.  30°  W.,  and  dips 
about  70°  NE.  A  third  set  of  joints  are  almost  horizontal, 
forming  the  floor  of  the  quarry  opening.  Two  zones  of  close 
fracturing  traverse  the  quarry  parallel  to  the  second  set  of 
joints. 

The  opening  farthest  south,  from  which  the  largest  amount 
^f  stone  has  been  quarried,  was  abandoned  several  years  ago. 
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The  reasons  for  this  were,  first,  the  heavy  stripping,  which  is 
about  15  feet  thick ;  second,  several  large  greenstone  dikes  have 
been  reached,  beyond  which  it  is  quite  certain  that  for  some  dis- 
tance the  stone  is  badly  broken  up.  The  largest  of  these  dikes 
now  forms  the  main  part  of  the  back  walL  The  granite  which 
was  removed  in  front  of  it  was  more  broken  up  than  elsewhere, 
and  small  stringers  of  greenstone  filled  many  of  the  cracks  im- 
mediately adjacent.  It  would  be  necessary  to  open  the  quarry 
some  distance  beyond  the  dike  before  large  dimension  stone, 
free  from  the  black  greenstone  stringers,  could  be  obtained.  A 
second  small  dike,  striking  north  and  south,  is  found  directly 
east  of  the  large  one.  Apparently  the  strike  of  these  dikes  co- 
incides with  the  major  jointing  planes  observed  in  the  other 
openings. 

The  average  height  of  the  face  at  this  place  is  about  22  feet. 
The  joints  are  essentially  the  same  as  those  occurring  at  the 
other  openings.  The  wall  adjacent  to  the  larger  greenstone 
•dike,  corresponding  with  one  set  of  joints,  strikes  about  N.  10° 
W.  A  second  set  of  joints  strikes  at  about  right  angles  to  the 
&st  set,  or  nearly  east  and  west.  Two  minor  sets  of  joints  oc- 
cur at  this  opening,  which  correspond  very  nearly  to  those  of 
the  previously  described  opening.  These  joints  strike  respec- 
tively N.  35°  W.  and  N.  45°  E.  The  first  set  is  almost  verti- 
cal, but  the  latter  set  is  inclined  about  18°  from  the  vertical. 
A  zone  of  close  fracturing  traverses  this  opening  in  an  NE.-SW. 
direction,  corresponding  in  general  to  the  second  minor  set  of 
joints.  The  joints,  which  strike  east  and  west  and  north  and 
south,  average  about  4  feet  apart,  but  in  many  instances  they 
are  much  closer,  on  account  of  which  it  is  difficult  to  obtain 
stone  of  large  dimensions. 

The  color  of  the  granite  sometimes  varies  in  different  parts 
■of  the  same  opening,  being  darker  colored  in  some  portions 
than  in  others.  ^Vhe^e  absolute  imiformity  of  color  for  mon- 
umental or  constructional  work  is  desired,  care  should  be  ex- 
"erciaed  to  select  material  in  which  the  colors  are  not  mixed. 

A  considerable  amount  of  excellent  stock  has  been  quarried 
from  the  large  boulders  and  angular  fragments  covering  the 
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side  of  the  hill,  which  are,  as  a  rule.  No.  1  stone,  and  in  all  re- 
spects as  desirable  as  the  stone  quarried  from  the  ledges. 

The  company  is  well  equipped  with  derricks,  tracks,  dummy 
cars,  and  complete  polishing  works.  Nevertheless,  as  now  con- 
ducted, the  quarrying  is  manifestly  expensive.  The  derricks- 
are  operated  by  hand,  and  the  cars  which  carry  the  stone  to  the 
yard  are  hauled  up  the  hill,  and  back  to  the  quarry,  by  hand. 
More  improved  methods  of  quarrying  are  necessary  if  the  work 
ie  to  be  conducted  economically.  The  average  value  of  the- 
stone  is  about  $1.00  per  cu.  ft. 

THE    NEW    HILL    o'fAIR    QUABBY. 

The  quarry  nearest  to  the  railroad  on  the  west  side  of  the  river 
is  the  one  o^vned  and  operated  by  Olson  &  Magnesun.  The  stone 
is  quarried  mainly  from  very  large  fragments  of  granite  which 
cover  the  15  acres  of  land  owned  by  this  firm.  The  granite  is- 
apparently  all  of  one  color,  a  very  brilliant  red.  Almost  any 
dimensions  from  1  to  20  feet  can  be  obtained  from  these  blocks. 
The  granite  is  suitable  either  for  monumental  or  building  pur- 
poses, but  is  now  used  exclusively  for  the  former.  The  sample* 
of  stone  from  this  quarrj',  which  is  on  exhibition  in  the  labora- 
tory of  the  Survey,  gives  an  excellent  idea  of  the  monumental 
work  which  is  being  done  by  this  firm.  Plate  LIX.,  Fig. 
1,  is  taken  from  a  photograph  of  this  sample,  and  shows^ 
nicely  the  contrast  between  the  hammered  and  polished  sur- 
faces. 

THE    GRANITE  HEIGHTS  CO.'s  QUABBY. 

The  quarry  which  is  operated  by  Anderson  Bros.  &  John* 
son,  and  owned  by  Kickbush  &  Son,  is  adjacent  to  the  New 
Hill  O'Fair  quarry.  As  in  the  previous  quarry,  the  stone 
which  has  been  thus  far  quarried  has  been  taken  entirely^ 
from  the  boulders  or  fragments  covering  the  side  of  the  hill' 
near  the  natural  outcrops.  No  attempt  has  yet  been  made 
to  quarry  from  the  ledge  because  blocks  of  any  desired  dimen- 
sions can  be  easily  obtained   from    the  boulders  or  fragments 
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«aentioned  above.  A  perfect  boulder,  without  a  detectable 
seam,  was  measured  at  this  place,  and  found  to  be  15  ft.  by  19 
it.  by  4  ft.  The  supply  of  stone,  of  any  ordinary  dimensions, 
is  practically  unlimited.  The  boulders  will  undoubtedly  be 
iUsed  for  some  time,  as  the  cost  of  quarrying  is  less  than  from 
the  natural  outcrop.  The  height  of  the  exposed  cliff  above 
the  talus  slope  is  about  30  feet,  and  extends  along  the  hill 
for  a  distance  of  about  200  yards.  There  is  a  steep  talus 
for  a  considerable  distance  below  the  cliff,  which  would  be  ex- 
pensive to  remove ;  but  the  face  not  covered  with  talus  is  suf- 
4ciently  large  to  make  an  excellent  quarry  opening. 

The  stone  is  the  brilliant  red  variety,  and  is  used  exclusively 
for  monimiental  purposes,  being  equal  in  all  respects  to  that 
which  is  obtained  from  Olson  &  Magnesun's  quarry.  The  sap 
nowhere  exceeds  two  inches  in  depth,  and  the  stone  is  essen- 
tially free  from  veins  or  other  discolorations.  In  some  in- 
stances the  granite  is  slightly  schistose,  but  this  structure  is 
not  suJBSciently  pronounced  to  detract  from  its  salability.  The 
:greatest  drawback  to  the  successful  operation  of  these  quarries, 
•on  the  west  side  of  the  river,  is  the  distance  of  a  mile  and  a 
•quarter  which  the  quarrymen  are  required  to  haul  their  stock 
to  the  nearest  railway  station.  Further,  owing  to  the  fact 
i;hat  there  is  no  bridge  across  the  river,  the  teaming  at  this 
point  must  be  done  in  the  winter,  when  the  river  is  frozen. 
The  cost  of  hauling  the  stone  from  the  quarry  is  about  three 
cents  per  cubic  foot,  which  is  sufficient  to  exclude  it  from  the 
'building  stone  market. 

Statistical  Data, 

Amount  of  capital  invested:  13.000.00 

Facilities  at  hand  for  quarrying:  1-1  hp.  engine,  1  hand  derrick,  3  polish - 
ling  machines. 

Average  number  of  employees:  13. 

Wages  paid  different  classes  of  employees: 

Stone  cutters 13.00 

Quarrymen 1.75 

Polishers 1.70 
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Cost  of  cutting  and  dressing  per  square  foot: 

Pointed $  .40 

Ax-hammered 50 

Bush-hammered  or  chiseled 90 

Polished 1.00 

Average  value  per  cubic  foot: 

Rough  stock $1 .  00 

Oeneral  Considerations. 

In  general,  the  examination  of  the  stone  in  the  quarry^ 
combined  with  the  laboratory  tests,  substantiate  the  claims  of 
the  operators  that  the  granite  is  in  all  respects  well  suited  for 
monumental,  ornamental,  and  constructional  purposes. 

AILBEBG    ABEA. 

One  of  the  most  extensive  granite  areas  in  Wisconsin  ia 
located  in  the  vicinity  of  Amberg,  Marinette  county,  in  the 
northeastern  part  of  the  state.  (See  Plate  III.)  This  section 
of  the  state  is  remarkable,  not  only  for  the  abundance  of  gran- 
ite, but  also  for  the  great  variety  in  texture  and  color.  Him- 
dreds  of  acres  of  workable  granite  are  found  in  this  section  of 
the  state.  Not  all  of  it  is  so  situated  as  to  insure  profitable 
quarrying,  but  at  many  points,  and  especially  where  quarries 
are  now  located,  the  opportunities  are  exceptionally  favorable. 
The  C,  M.  &  St.  P.  railroad  penetrates  the  heart  of  this  region, 
and  furnishes  excellent  facilities  for  transportation  to  all  the 
important  markets  of  the  northwest. 

The  center  of  the  granite  industry  is,  at  the  present  time, 
located  on  the  Pike  river,  at  Amberg,  a  town  on  the  C,  M.  & 
St.  P.  railroad,  near  the  center  of  T.  35,  E.  20  E.  The  Argyle 
and  Aberdeen  quarries  of  the  Amberg  Granite  Co.  and  the 
quarries  of  the  Pike  Kiver  Granite  Co.,  as  well  as  the  extensive 
works  of  the  Amberg  Granite  Co.,  and  those  of  the  Pike  River 
Granite  Co.,  are  located  at  this  place.  The  Athelstane,  the 
most  extensive  quarry  of  the  Amberg  Co.,  is  located  about  nine 
miles  south  west  of  Amberg,  in  the  north-central  part  of  T.  34^ 
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R  9  E.,  on  a  spur  of  the  C,  M.  &  St.  P.  raiboad.  The  station 
at  that  place  bears  the  same  name  as  the  quarry. 

Only  two  of  the  four  quarries  above  mentioned  are  now  being 
extensively  worked.  One  is  the  Athelstane,  of  the  Amberg  Co., 
and  the  other  is  the  quarry  of  the  Pike  River  Granite  Co.  The 
former  is  being  worked  almost  exclusively  for  building  pur- 
poses, while  the  latter  furnishes  stone  mainly  for  monumental 
work. 

Prom  the  four  quarries,  three  distinctly  different  colored 
granites  are  obtained.  The  granite  which  has  been  quarried 
from  the  Argyle  and  that  which  is  taken  from  the  main  opening 
of  the  Pike  River  Granite  Co.  ha^'e  a  gray  color  and  are  essen- 
tially fine  grained.  That  which  is  quarried  from  the  second 
opening  of  the  Pike  River  Granite  Co.,  and  that  which  is  taken 
from  the  Aberdeen  quarry,  are  very  nearly  alike,  being  coarse 
grained,  red  granites,  ordinarily  known  as  the  "Amberg  red." 
The  granite  quarried  from  the  Athelstane  quarry  is  very  sim- 
ilar to  the  Amberg  red  in  texture,  but  the  color,  instead  of  being 
red,  is  gray.  The  two  are  probably  different  phases  of  the 
same  granite,  in  one  of  which  the  feldspar  has  a  white  and 
light  brown  color,  while  in  the  other  the  color  of  the  feldspar 
is  mainly  pink. 

FINE    GRAINED    GRAY    GRANITE. 

Qvxirry  Observations. 

The  fine  grained  gray  granite  from  the  Argyle  and  Pike 
River  quarries  is  similar  in  many  respects  to  that  which  is  im- 
ported from  Scotland  and  the  New  England  states.  A  careful 
examination  of  the  weathered  surface,  in  the  natural  expoBore^ 
shows  that  the  sap  does  not  extend^  to  a  maximum  depth  of 
more  than  three  inches,  and  that  the' average  depth  is  less  than 
one  inch,  often  being  not  more  than  one-eighth  of  an  inch  along 
vertical  jointing  planes.  The  color  of  the  weathered  surface 
is  a  quite  uniform  grayish  white.  In  both  quarries,  the  granite 
has  a  slight  rift,  which  can  only  be  detected  when  the  stone  is 
beini;  worked.  The  color  and  texture  of  the  granite  from  these 
quarries  are  essentially  the  same. 
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Laboratory  Examination. 

The  Dressed  Sample. — Plate  XX.,  Fig.  2,  is  an  identical 
reproduction  of  a  y>ortion  of  the  polished  face  of  the  sample 
in  the  laboratory  of  the  Survey.  The  polished  surface  has 
a  slightly  iridescent  sheen,  which  is  possessed  by  but  few 
granites  of  this  color.  The  finish,  which  the  polished  surface 
takes,  is  superior  to  that  of  many  of  the  imported  gray  gran- 
ites, which  have  won  such  favor  among  the  people  of  this  and 
adjacent  states.  The  rock  face  and  hammer  dressed  surfaces 
are  both  very  excellent.  One  of  the  admirable  features  of  this 
granite  is  the  excellent  contrast  between  the  hammered  and 
polished  work.  The  hanmiered  work  is  almost  white,  while  in 
sharp  contrast  to  this,  the  polished  surface  is  decidedly  gray. 

The  difficulty  which  is  often  experienced  in  bringing  out 
with  distinctness  the  lettering,  on  eastern  gray  granites,  is  not 
met  with  in  working  this  granite.  Carl  Manthey,  a  prominent 
monument  manufacturer  of  Green  Bay,  says  that  every  monu- 
ment which  he  has  erected  out  of  this  granite  has  given  entire 
satisfaction.  He  says  that  the  contrast  between  the  hammered 
and  polished  surfaces  is  not  equalled  by  that  of  any  other  gray 
granite  on  the  market,  and  that  he  can  recommend  none  higher 
than  the  Pike  River  Granite.  With  many  granites  it  is  neces- 
sary to  paint  the  letters  in  order  that  they  may  stand  out  bold 
enough  to  be  easily  read.  Such  a  thing  is  unheard  of  in  connec- 
tion with  the  Pike  River  Granite. 

Microscopical    Examination. — The    mineralogical    composi- 
tion of  the  gray  granite,  as  shown  by  the  microscopical  examina- 
tion of  the  thin  section,  is  mainly  feldspar  and  quartz,  the  for- 
mer of  which   makes   up   more   than  one-half  the  entire  rock. 
Quartz  is  next  in  abundance  to  the  feldspar,  and  constitutes  * 
large  part  of  the  remainder.     Biotite  is  a  much  less  abundant^ 
costituent  than  either,  but  is  scattered  in  small  flakes  quite  uni^ 
formly  through  the  entire  rock.     The  quartz  and  feldspar  indi-^ 
viduals  vary  quite  largely  in  size,  and  interlock  in  a  very  compl^' 
cated  manner.    The  feldspar  is  mainly  of  the  orthoclase  and  m-^ 
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orocline  varieties.  Twinning  is  common,  and  intergrowths  of 
two  varieties  are  of  frequent  occurrence.  Certain  of  the  feld- 
spar individuals  are  clear  and  fresh,  but  many  of  them  are 
cloudy  showing  some  evidence  of  alteration.  The  quartz  indi- 
viduals are  more  regular  in  outline  than  the  feldspar,  and  are 
clear  and  translucent.  .  Both  the  quartz  and  feldspar  individ- 
uals show  strain  shadows  and  granulation.  Certain  of  the  longer 
feldspar  individuals  have  also  been  bent.  The  biotite  occurs 
either  in  clusters  of  tabules  or  disseminated,  as  isolated  indi- 
viduals, through  the  section.  Zircon,  and  a  number  of  less 
important  minerals,  constitute  the  accessory  constituents.  The 
texture  and  composition  of  the  granite  are  shown  in  the  micro- 
photographic  reproduction.     (See  Plate  LXII.,  Fig.  1.) 

Physical  Tests. — The  specific  gravity  of  the  gray  granite, 
as  determined  from  specimens  taken  from  the  quarry  of  the 
Pike  River  Granite  Co.,  is  2.685,  which  is  above  the  average 
for  the  granites  tested  in  the  preparation  of  this  report  The 
porosity  of  the  granite  was  determined  to  be  .251^,  which  is 
below  the  average  for  the  granites  tested.  There  was  no  loss 
in  weight  due  to  alternate  freezing  and  thawing,  but  the  crush- 
ing strength  of  the  frozen  sample  was  9,448  lbs.  per  sq.  in.  less 
than  that  of  the  fresh  sample.  (See  Chapter  VIII.,  Table  VJLL. 
The  crushing  strength  of  the  fresh  sample,  given  in  table  II.,  of 
the  same  chapter,  is  27,887  lbs.  per  sq.  in.  The  reason  that  the 
frozen  sample  gave  a  crushing  strength  so  much  lower  than  the 
fresh  one  may  be  partly  due  to  the  imperfect  shape  of  the  cube. 

The  results  of  these  various  tests  are  entirely  satisfactory, 
showing  beyond  a  doubt  that  perfect  blocks  of  this  granite, 
free  from  seams,  are  equal,  if  not  superior,  to  any  other  graj 
granite  used  in  this  or  adjacent  states. 

AMBEBO  BSD  GBANITE. 

Quarry  Observations. 

The  Amberg  red  granite,  which  is  obtained  from  the  Aber- 
deen and  Pike  Biver   quarries,  is  a  coarse   grained   rook,  in 

which  the  color  is  far  from  a  decided  red,  when  compared  with 
10 
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the  Wausau  granite.  It  might  more  appropriately  be  called 
a  pale  pink.  The  texture  and  color  of  the  granite  in  the  nat- 
ural exposures  are  generally  uniform.  The  weathered  surf aoe 
is  comparatively  smooth  and  even,  showing  only  very  minute 
depressions,  where  the  more  readily  disint^rated  biotite  has 
been  carried  away. 

I  Laboratory  Examination. 

The  Dressed  Sample. — A  close  examination  of  the  hand 
specimen  shows  that  the  color  of  the  feldspar  individuals  is 
mainly  a  pinkish  red,  which  gives  to  the  rock  a  pale  pink 
color.  The  granite  is  susceptible  to  a  very  good  finish,  al- 
though the  contrast  in  color  between  the  hammered  and  pol- 
ished work  is  not  as  striking  as  in  the  gray  previously  de- 
scribed. 

Microscopical  Examination. — The  microscopical  examina- 
tion shows  that  the  individuals  are  very  large  and  interlock  in 
an  intricate  manner.  Feldspar  is  the  preponderant  constit- 
uent, although  quartz  is  more  abundant  than  in  the  previously 
described  granite.  The  feldspar  consists  mainly  of  orthoclase 
and  microcline,  showing  intergrowths  and  twinning.  Most  of 
it  is  clear  and  fresh,  although  a  few  of  the  larger  individuals 
are  partly  altered  to  epidote.  The  quartz  is  clear  and  trans- 
luscent.  Both  the  quartz  and  feldspar  individuals  show  strain 
shadows  and  peripheral  granulation,  resulting  from  mechan- 
ical stresses  in  the  rock.  Biotite  is  a  subordinate  constituent 
and  is  present  mainly  in  irregular  plates  of  considerable  size. 
An  interesting  occurrence  of  rectangular  fracturing  of  the 
biotite,  which  is  now  filled  with  quartz,  was  observed  in  this 
section. 

Physical  Tests. — Two  samples  of  red  granite  from  the  Pike 
River  Granite  Co.^s  quarry  were  found  to  have  an  average 
specific  gravity  of  2.658,  and  a  porosity  of  .25  per  cent.  (See 
Chapter  VIII.,  Table  V.)  Alternate  freezing  and  thawing  occa- 
sioned a  loss  in  weight  of  .05  of  a  gram  on  a  mass  weighing  371.- 
■65  grams.  This  difference  in  weight  is  no  more  tha^  might  be  in- 
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cident  to  manipulation,  and  has  little  or  no  significance.  The 
<;rushing  strength  of  the  frozen  sample  was  4,208  lbs.  per 
sq.  in.  more  than  that  of  the  fresh  sample,  as  indicated  in  Chap- 
ter VIII.,  Table  VII.  The  crushing  strength  of  the  fresh  sample 
is  given  in  the  same  table,  and  is  18,273  lbs.  per  sq.  in.  This 
difference  in  strength  is  accounted  for,  as  in  the  samples  of 
gray  granite,  by  the  irregular  shape  of  the  sample.  From 
these  tests  it  would  appear  that  the  granite  was  suitable,  in 
point  of  durability  and  strength,  for  either  constructional  or 
monumental  purposes. 

ATHELSTANE  GRANITE. 

Quarry  Observations. 

The  coarse  gray  granite  which  is  quarried  exclusively  by  the 
Amberg  Granite  Co.  from  the  Athelstane  quarry,  has  essen- 
tially the  same  texture  and  composition  as  the  red  granite  just 
described.  The  only  difference  between  the  red  and  gray  vari- 
f^ties  is  in  the  color  of  the  feldspars,  which,  in  the  Athelstane, 
is  white  and  brownish  gray,  and,  in  the  red  granite,  pinkish 
red. 

The  color  of  the  weathered  surface  of  the  granite  is  white 
with  a  very  faint  pinkish  tone.  Glacial  groovings  are  still  to 
be  made  out  on  the  surface  of  many  of  the  natural  exposures 
which  give  evidence  of  the  durability  of  the  granite.  The  sur- 
face of  the  natural  exposures  is  somewhat  rough,  due  to  dif- 
ferential weathering  of  the  mineral  constituents.  An  abund- 
ance of  lichens  grow  upon  the  surface,  indicative  of  general 
durability.  The  first  five  and  a  half  feet  below  the  surface  is 
stained  more  or  less  brown,  through  the  weathering  of  the  feld- 
spar. Adjacent  to  many  of  the  jointing  planes  the  same  dis- 
coloration occurs,  penetrating  the  rock  on  either  side  to  a 
depth  of  several  inches. 

Laboratory  ExamirMtion. 

The  Dressed  Sample. — The  specimen  in  the  laboratory  of 
the  Survey  illustrates  the  excellent  dress  which  the  stone  is 
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capable  of  taking.  The  rock  face  is  bold  and  rough,  being  well 
suited  for  heavy  masonry  construction.  The  dress  of  the  6, 
8,  and  10  cut  faces  is  superior  to  that  of  most  coarse  grained 
granites.  The  hammered  face  has  a  general  gray  color,  spotted 
quite  uniformly  with  dark  patches  of  hornblende  and  biotite. 
In  striking  contrast  with  this  is  the  brilliant  bluish  gray  color 
of  the  polished  surface,  which  is  so  well  reproduced  on  the  ac- 
companying plate.     (Plate  XX.,  Fig.  1.) 

Microscopical  Examination. — Feldspar  is  the  preponderant 
constituent.  Quartz  is  next  in  abundance,  while  biotite  and 
hornblende,  although  present  in  relatively  large  quantities,  are 
least  abundant.  Hornblende  is  more  abundant  than  biotite. 
The  individuals  correspond  very  closely  in  size  and  arrange- 
ment with  those  of  the  red  granite,  and  show  strain  effects  and 
peripheral  granulation,  as  previously  described.  The  kind  of 
minerals  and  their  arrangement  may  be  seen  in  the  accompany- 
ing microphotograph.     (See  Plate  LXII.,  Fig.  2.) 

Chemical  Analysis. — The  following  is  a  chemical  analysis  of 
the  Athelstane  granite,  made  by  Prof.  W.  W.  Daniells : 

Si    O, 66.10 

Al,  O, 20.82 

Fe,  O, 1 .  52 

Fe   O  2.17 

Ca   O  157 

Mg  O  0.95 

K,   O  3.48 

Na.O  2.94 

H,  O  0.54 

100.09 

Physical  Tests. — The  results  of  the  strength  and  durability 
tests  are  given  in  the  tables  in  Chapter  VIII.  The  average  spe- 
cific gravity,  as  recorded  in  Table  V.  of  the  same  chapter,  is 
about  2»706,  which  is  somewhat  higher  than  that  obtained  for  the 
other  granites  of  Wisconsin.  This  is  largely  due  to  the  horn- 
blende, which  is  an  important  constituent  of  the  granite.  The 
average  percentage  of  pore  space,  or  porosity,  is  very  low,  being 
about  .22  of  1  per  cent. 
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Samples  were  gradually  heated  in  a  muffle  furnace  to  a  tem- 
perature of  1200^  to  1500^  F.  Sudden  cooling  of  the  stone 
shattered  it  throughout.  (See  Plate  LVI.)  At  1000''-1200° 
F.  the  stone  was,  to  all  appearances,  little  injured. 

The  freezing  and  thawing  tests  resulted  in  an  average  loss 
in  weight  of  .09  of  a  gram  on  a  mass  of  about  352  grams.  The 
decrease  in  strength  resulting  from  alternate  freezing  and 
thawing,  is  given  in  Chapter  VIII.,  Table  VII.  This  difference 
of  9,369  lbs.  per  sq.  inch  is  somewhat  above  the  average,  and  in- 
dicates that  the  rock  is  more  susceptible  to  injury  from  frost 
than  other  granites,  differently  constructed. 

The  average  crushing  strength  of  the  granite  is  nearly  20,- 
000  lbs.  per  sq.  in.  (See  Chapter  VIII.,  Table  II.),  which  is 
about  the  average  strength  of  ordinary  granite. 

Description  of  the  Individual  Quarries. 

THE  PIKE  BIVEB  GRANITE  CO. 

The  Pike  River  Granite  Co.  was  organized  in  Februf  ry,  1896. 
The  quarry  is  located  about  half  a  mile  northeast  of  the  station, 
at  Amberg,  and  consists  of  two  openings.  The  main  opening 
is  the  one  from  which  the  gray  granite  is  quarried,  and  is  sit- 
uated on  one  of  the  many  granite  mounds  in  this  area,  having  an 
elevation  of  from  ten  to  fifty  feet.  The  size  of  the  opening,  when 
visited  in  the  summer  of  1897,  was  about  65  ft.  by  20  ft.  by  15 
ft,  indicating  that  a  considerable  amount  of  stock  has  been 
quarried  during  the  eighteen  months  that  the  company  has  been 
operating.  Four  sets  of  joints  break  the  rock  into  polygonal 
blocks  of  various  dimensions.  The  most  prominent  of  these  sets 
strike  N.  70°  W.  and  N.  30°  E.  The  two  less  conspicuous  sets 
strike  K  15°  W.  and  N.  28°  E.  The  floor  of  the  quarry  is 
formed  by  a  jointing  plane  which  dips  at  an  angle  of  about 
45°,  and  strikes  about  east  and  west.  The  granite  has  an  im- 
perfectly developed  rift,  which  is  only  noticeable  when  the 
stone  is  being  worked.  The  size  of  the  blocks  that  can  be  ob- 
tained varies  greatly,  depending  upon  the  closeness  of  the 
joints.     Incipient  joints  are  a  source  of  some  annoyance,  and 
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the  quarrymen  have  to  keep  constantly  on  the  alert  to  guard 
against  them.  In  places  the  joints  are  as  much  as  10  feet 
apart,  and  dimensions  large  enough  for  most  monumental  work 
can  be  obtained. 

The  second  opening  of  the  Pike  Eiver  Co.  is  in  the  Amberg 
Red  granite,  south  of  the  one  just  described.  This  quarry 
has  not  been  worked  very  largely,  the  demand  being  mainly  for 
the  gray  variety,  from  the  other  quarry.  Thfe  joints  in  this 
quarry  strike  N.  85^  W.,  and  N.  40^  E.  There  is  a  natural 
face  about  11  ft  8  in.  high,  corresponding  to  the  first  set  of 
joints.  The  floor  dips  slightly  to  the  south.  Blocks  as  large 
as  11  ft.  by  10  ft.  by  6  ft.  can  be  obtained,  although  smaller 
dimensions  are  more  abundant. 

The  Pike  River  Granite  Co.  is  composed  of  practical  stone 
cutters,  each  one  of  whom  has  had  long  experience  in  the  gran- 
ite cutting  business.  The  company  is  equipped  with  necessary 
tools  and  derricks  for  handling  the  stone  in  the  quarry,  and  has 
erected  a  polishing  mill  fitted  for  turning  out  every  grade  of 
work.  The  company  sells  stock  in  the  rough  or  makes  monu- 
ments to  order.  They  are  also  prepared  to  furnish  stone  for 
building  purposes. 

During  the  first  ten  months  that  the  company  was  in  opera- 
tion the  output  was  valued  at  $4,000.00,  a  large  part  of  it  being 
rough  stock.  The  present  markets  for  the  stone  are  the  mid- 
dle, western,  and  northwestern  states.  Since  the  Amberg 
company  ceased  working  the  Argyle  quarry,  this  is  the  only 
company  in  the  northwest  that  is  known  to  be  quarrying  a  fine 
grained  gray  granite.  The  demand  for  this  color  and  quality 
of  granite  is  very  large,  and  there  seems  little  doubt  but  that 
the  success  of  the  quarry  is  assured.  The  granite  is,  in  every 
respect,  as  durable  and  strong  as  the  best  eastern  or  imported 
fine  grained  gray  granites,  and  sooner  or  later  it  will  be  largely 
substituted  for  them,  in  this  and  neighboring  states,  as  a  monu- 
mental stone. 
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Statistical  Data. 

Amount  of  capital  invested:    |3, 000 . 00 

In  operation  only  10  months.    Output  was  valued  at  $4,000.00. 
Facilities  at  hand  for  quarrying:    1  20-hp.  engine.    1  derrick.    Polish- 
ing mill 
Average  number  of  employees:  12  to  16. 
Wages  paid  different  classes  of  employees:    |1 .75  to  $3.25. 
Average  value  of  each  grade  per  cubic  foot:    $1.00. 

AMBEBG  GRANITE  GO. 

The  Amberg  Granite  Co.  is  perhaps  the  most  extensive  gran- 
ite company  in  the  northwest,  and  is  the  best  equipped  for  fur- 
nishing stone  for  heavy  constructional  work.  The  company 
has  an  invested  capital  of  $200,000.00,  and  owns  a  thousand 
acres  of  land  adjacent  to  Amberg,  much  of  which  has  excellent 
granite.  Since  the  quarries  were  first  opened,  they  have  been 
worked  almost  continuously.  The  Argyle  and  Aberdeen  quar- 
ries were  opened  first,  and  large  amounts  of  stone  were  sold 
for  paving,  building,  and  monumental  purposes.  Later  the 
Athelstane  was  opened,  the  stock  being  used  almost  exclusively 
for  building. 

The  Argyle  Quarry. — The  stone  quarried  from  the  Argyle 
quarry,  some  distance  north  of  the  station  and  adjacent  to  the 
railroad,  is  fine  grained  gray  granite,  similar  to  that  quarried 
by  the  Pike  River  Granite  Co.  The  main  diflSculty  exper- 
ienced in  quarrying  this  stone  is  the  inability  to  obtain  large 
dimensions  of  clear  stock,  free  from  seams.  At  one  time  pav- 
ing blocks  and  monuments  were  very  largely  manufactured^ 
but  since  the  company  has  turned  its  attention  exclusively  to 
constructional  work,  this  quarry  has  been  abandoned.  Some 
very  pretty  buildings  and  numerous  monuments  have  been  con- 
structed from  the  Argyle  granite.  One  of  the  buildings  is 
shown  in  Plate  XXI.  Of  course,  as  may  be  seen,  this  building 
has  been  constructed  out  of  small  sized  blocks,  but  the  appear- 
ance nevertheless  is  very  pleasing. 

The  Aberdeen  Quarry. — This  is  the  quarry  owned  by  the 
Amberg  Granite  Co.  from  which   the   Amberg  red  granite  i» 
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obtained.  It  is  situated  on  the  railroad,  a  short  distance  south 
of  the  station,  and  so  close  to  the  tracks,  that  blocks  from  parts 
of  the  quarry  can  be  swung  by  a  single  derrick  directly  onto  the 
cars.  The  opening  is  irregular,  extending  in  one  place  200  or 
more  feet  back  from  the  tracks.  Each  of  two  sides  of  the 
quarry  has  a  working  face  of  about  200  feet.  The  north  face 
is  about  25-35  ft.  high. 

The  joints  strike  about  N.  20°  E.,  N.  50°  E.,  N.  47°  W.,  and 
N.  80°  W.,  the  first  three  sets  being  best  developed.  The  joints 
are  mainly  vertical,  and  show  on  the  surface  as  a  series  of 
diagonally  intersecting  lines,  about  as  represented  in  the  ac- 
companying illustration.  (See  Fig.  2.)  These  joints  are  all 
the  way  from  1  to  10  feet  apart  and  break  the  stone  into  poly- 
gonal blocks  of  many  different  dimensions. 


JOiNTINO  AS  IT  OCCUKA  IM  TMt  ABCHOCCN  QUAHRV 

Fig.  2. 


The  exposures  immediately  adjacent  to  the  quarry  are  cut  by 
very  many  dikes  of  fine  grained  granite,  coarse  pegmatite  and 
greenstone.  In  parts  of  the  quarry  the  greenstone  dikes  ap- 
pear much  like  inclusions,  but  on  close  inspection  this  is  found 
to  be  due  to  faulting. 

The  Aberdeen  quarry  is  not  operated  at  present,  although  a 
large  amount  of  stone  has  been  quarried  in  the  past  years.  The 
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•expense  of  quarrying  this  stone  for  heavy  constructional  pur- 
poses was  so  much  more  than  that  of  the  Athelstane,  on  account 
of  the  diflSculty  in  securing  suitably  large  dimensions,  that  it 
has  been  abandoned.  For  light  building  and  monumental 
work  it  is  thought  that  portions  of  the  quarry  might  still  be 
worked  to  good  advantage. 

The  Athelstane  Quarry. — This  is  the  main  quarry  of  the 
Amberg  Co.,  and  is  situated  at  Athelstane  about  nine  miles 
southwest  of  Amberg.  The  quarry  was  opened  in  1892,  and 
has  been  operated  each  year  since.  Two  openings  have  been 
made  on  two  low  mounds  of  granite  rising  about  30  feet  above 
the  general  level  of  the  country.  At  either  place  the  supply  of 
granite  is  practically  unlimited.  The  old  opening,  as  it  is 
called,  is  about  200  feet  long,  100  ft.  wide,  and  24  ft.  deep. 
The  ncw  opening  is  150  ft.  long,  20  ft.  wide,  and  14  ft.  deep. 
(See  Plate  XVIII.)  During  the  last  four  years,  up  to  1897, 
this  quarry  furnished  about  58,000  cubic  feet  of  stock,  mainly 
for  building  purposes. 

The  stripping  is  practically  nothing  over  the  entire  area,  the 
moimds  on  which  the  quarries  are  located  being  almost  entirely 
hare.  The  main  set  of  joints  in  the  old  opening  are  about 
4-12  ft.  apart,  and  strike  X.  24r-28-33°  W.,  there  being  a  slight 
variation  in  diflFerent  parts  of  the  quarry.  This  set  of  joints 
is  closer  than  any  of  the  others  in  the  quarry,  and,  by  measure- 
ment the  planes  were  found  to  occur  the  following  distances 
apart : 
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The  second  set,  which  strikes  X.  28°  E.,  is  not  very  important 
Another  set,  striking  N.  68°  W.,  is  still  less  prominent.  The 
floor  is  uneven,  and  the  nearly  horizontal  joints  divide  the  26 
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foot  face,  at  the  middle,  into  the  following  thicknesses,  from 

the  top  to  the  bottom : 

1  ft. 

6  in. 

3  " 

2  « 

0  " 

10  " 

2  " 

1  " 

0  " 

10  " 

2  " 

8  " 

15  " 

0  " 

The  last  bed  which  contains  the  best  stock  in  this  opening, 
splits  into  two  benches,  7  ft.  3  in.  and  7  ft.  9  in.  in  thickness. 

The  jointing  in  the  new  opening  is  essentially  the  same  as  in 
the  old.  On  the  surface  it  appears  that  even  larger  dimen* 
sions  can  be  quarried  than  at  the  old  quarry.  Blocks  weighing 
50  tons  have  already  been  quarried  at  this  place. 

The  company  is  prepared  to  furnish  building  stone  of  any 
desired  dimensions.  The  great  advantage  which  this  quarry 
presents  over  many  others  is  the  facility  with  which  blocks  of 
large  dimensions  can  be  quarried.  Large  dimensions  are  al- 
ways at  hand,  and  when  a  block  is  quarried  it  is  generally 
sound  and  free  from  incipient  joints.  A  few  small  pegmatitic 
veins,  three  or  four  inches  wide,  cut  the  old  opening  in  various 
directions,  but  they  are  of  such  infrequent  occurrence  as  to  in- 
jure the  stock  but  very  little. 

The  Athelstane  quarry  is  equipped  with  all  necessary  ma- 
chinery for  quarryng,  including  four  engines,  with  an  aggre- 
gate of  195-hp.,  two  travders,  and  three  steam  derricks. 

The  works  of  the  Amberg  Co.,  situated  near  the  railroad 
station  at  Amberg,  are  the  best  equipped  for  turning  out 
heavy  constructional  work  of  any  in  the  northwest.  The  exter- 
ior and  interior  of  the  works  are  shown  in  Plate  XIX.  The 
equipment  consists  of  turning  lathes,  polishing  machinery, 
and  planer  for  cutting  granite.  The  planer  used  has  special  im- 
provements made  by  the  secretary  of  the  company,  Wm.  B. 
Hinsdale,  which  place  the  machine  far  ahead  of  all  others  now 
OB  the  market. 


•  •  »  • 
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The  markets  for  the  granite  cover  a  wide  territory,  from 
Pittsburg  to  Denver,  and  from  St.  Paul  to  New  Orleans.  A 
few  of  the  structures  into  which  the  Athelstane  granite  has  gone 
and  the  date  of  erection  are  as  follows :  Milwaukee  PostoflSce, 
1893;  St.  Galls  Church,  Milwaukee,  1893;  Park  Bldg.,  Pitts- 
burg, 1896;  Cosmopolitan  Hotel,  New  Orleans,  1894.  Be- 
sides these  the  stone  has  been  used  in  the  construction  of  resi- 
dences and  mausoleums  all  over  the  country. 

The  company  is  prepared  to  furnish  stone  for  all  purposes 
for  which  granite  is  adaptable.  Among  these  may  be  men- 
tioned building,  monumental,  bridge,  paving,  and  macadam. 
The  extensive  use  of  Bedford  limestone  has  increased  the  de- 
mand for  gray  granite  as  trimming.  For  this  purpose  no 
granite  can  be  found  more  suitable  than  the  Athelstane. 

General  Considerations. 

In  general,  the  results  of  the  laboratory  tests  of  the  granites 
from  the  Amberg  area  give  sufficient  evidence  of  their  strength 
and  durability,  to  warrant  their  use,  not  only  in  monuments 
and  small  buildings,  but  also  in  the  heaviest  kind  of  construc- 
tional work. 

The  Amberg  Granite  Co.  is  making  a  specialty  of  furnishing 
granite  for  constructional  purposes,  while  the  Pike  River 
Granite  Co.  does  almost  exclusively  a  monumental  business. 
The  industry  at  this  place  has  been  very  slow  in  recovering 
from  the  business  depression  of  a  few  years  ago,  but  the  future 
is  excellent  for  these,  as  well  as  all  other  quarries,  where  the 
stone  is  of  good  quality,  and  can  be  quarried  with  sufficient 
economy  to  compete  with  the  granites  of  eastern  and  neighbor- 
ing states. 

Statistical  Data.     (Athelstane  Quarry.) 

Amount  of  capital  invested:    $200,000.00. 
Shipments  for  the  past  four  years: 

1883 30, 000  cu.  ft. 

18W 10,000  cu.  ft. 

1885 10,000  cu.  ft. 

1886 8,000  cu.  ft 
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Facilities  at  hand  for  quarr^dng:    1  75  hp.  and  3-40  hp.  engines,  2  travel 
era,  3  steam  derricks,  planer,  turning  lathes,  and  polishing  machinery. 

Average  number  of  employees:    25  to  250. 

Wages  paid  different  classes  of  employees: 

Granite  cutters $3.25 

Quarrymen 2.00 

Laborers 1.50 

Cost  of  cutting  and  dressing  per  square  foot: 

Pointed $  .30to$  .40 

Bush-hammered  or  chiseled .50  to      .75 

Polished 1.50  to   1.75 

Oosl  of  transportataion,  by  rail,  $  .15  to  $  .40  per  cu.  ft. 

HIGH    BBIDGE    ABEA. 

A  small  quarry,  owned  by  the  French  Granite  Co.,  is 
located  at  High  Bridge,  a  station  on  the  Wisconsin  Central 
Bailroad,  about  18  miles  south  of  Ashland.  The  main  inter- 
est in  the  quarry  is  held  by.  Wm.  Gotchenberg  of  Ashland. 
Three  openings,  about  10  feet  on  a  side  and  8  feet  deep,  were 
made  in  1892.  A  number  of  pieces  of  granite  were  variously 
dressed  and  polished  and  exhibited  at  the  World's  Columbian 
Exposition,  in  Chicago,  in  1893,  receiving  very  favorable  com- 
ment. 

The  quarry  is  located  at  the  end  of  a  hill  of  considerable  size, 
about  a  mile  and  a  half  south  of  the  station.  The  face  has  a 
maximum  depth  of  about  40  feet,  and  shows  joints  which 
strike  K  72°  E.,  K  50°  W.,  and  K  55°  E.  The  first  two  sets 
are  essentially  vertical,  while  the  third  dips  at  an  angle  of  from 
82  to  50  degrees.  Zones  of  close  jointing  were  observed,  be- 
tween which  the  seams  are  farther  apart  and  good  dimension 
stock  can  be  quarried. 

The  granite  from  this  quarry  has  a  mixed  pinkish  gray 
color,  which  is  quite  uniform  throughout  the  quarry.  The 
rock  has  a  porphyritic  texture,  in  which  the  groundmass  is 
composed  of  feldspar,  quartz,  biotite,  and  hornblende,  and  the 
phenocrysts  are  feldspar.  The  average  porphyritic  feldspar 
individuals  are  about  one-half  an  inch  long  by  one-fourth  of  an 
inch  in  cross  section.     The  largest  are  about  twice  this  size. 
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Laboratory  Examination, 

The  Dressed  Sample. — The  polish  which  the  granite  takes  is 
very  good,  and  the  color  is  similar  to  that  of  the  natural  sur- 
face. The  hammered  work  also  shows  up  very  well  in  the 
specimen  under  observation. 

Physical  Tests. — The  specific  gravity  is  2.672,  which  cor- 
responds very  closely  with  the  specific  gravity  of  tiie  granite 
from  Granite  City.  (See  Chapter  VIII.,  Table  V.)  The  poro- 
sity, as  given  in  the  same  table,  is  .65  per  cent.  The  effect  of  al- 
ternate freezing  and  thawing  is  shown  in  Tables  VI.  and  VTI. 
It  will  be  observed  that  the  samples  suffered  no  loss  of  weight, 
but  that  the  crushing  strength  was  about  8,000  lbs.  per  sq.  inch 
less  than  that  of  the  fresh  sample.  The  crushing  strength  of 
the  fresh  granite  is  given  in  Table  II.,  and  is  24,220  lbs.  per 
sq.  in. 

These  tests  are  very  satisfactory,  showing  very  clearly  the 
equality  of  this  granite  with  other  similar  ones  in  this  or  neigh- 
boring states.  The  color  and  texture  are  different  from  any  of 
the  other  Wisconsin  granites,  adding  another  to  the  already  nu- 
merous varieties  quarried  in  this  state. 

General  Considerations. 

The  quarry  is  without  equipment,  and  it  is  thought  that  un- 
less operations  were  to  be  conducted  on  a  scale  sufficiently  ex- 
tensive to  demand  a  railroad  spur  to  the  quarry  it  would  be 
somewhat  impracticable  to  operate  at  this  place. 

About  a  mile  and  a  half  farther  south  two  other  distinct 
kinds  of  granite  outcrop  in  abundance,  but  the  present  inacces- 
sibility of  the  place,  owing  to  the  distance  from  the  railroad^ 
precludes  any  possibility  of  their  being  operated  for  years  to 
come. 


For  a  number  of  years  there  has  been  an  attempt  to  develop 
a  certain  ledge  of  granite  near  the  C,  M.  &  St.  P.  Ry.  at  Inna, 
Lincoln  county.     The  area  was  visited  during  the  summer  of 
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1897,  and  samples,  prepared  by  the  owner,  Mr.  O.  J.  Jenks,  of 
Merrill,  were  tested  in  the  Survey  laboratory  in  the  prepara- 
tion of  this  report. 

The  granite  has  a  schistose  or  laminated  structure  with  a 
general  pinkish  gray  color.  It  is  thought  to  have  originally 
been  very  similar  to  the  Wausau  granite,  and  may  even  be  a 
part  of  that  formation,  in  which  there  has  been  developed  the 
schistose  structure  referred  to. 

Laboratory  Examination. 

The  Dressed  Sample. — The  hammer  dressed  surface  is  al- 
most white,  furnishing  a  pleasing  contrast  with  the  pinkish 
gray  of  the  polished  face.  The  lettering  is  very  distinct,  as 
can  be  seen  in  the  illustration.  (See  Plate  LIX.,  Fig.  3.)  The 
rock  face  has  a  very  light  pink  color,  and  presents  a  moderately 
bold  effect. 

Microscopical  Examination. — The  mineral  constituents,  as 
revealed  by  the  microscopical  examination,  are  mainly,  in  the 
order  of  their  relative  abundance,  feldspar,  quartz,  and  biotite. 
The  quartz  and  feldspar  have  been  decidedly  granulated,  while 
the  biotite  individuals  are  arranged  with  their  longer  axes  in  a 
<M)mmon  direction.  Due  to  this  parallel  arrangement  of  the 
biotite,  the  rock  possesses  the  laminated  or  schistose  structure 
tibove  referred  to. 

Physical  Tests. — Chapter  VIII.,  Table  V.,  gives  the  specific 
gravity  and  poiosity  of  two  samples  of  this  granite.  The  aver- 
age specific  gravity  is  2.646,  and  the  average  porosity  .55  per 
<5ent.  The  specific  gravity  is  about  the  average  for  granite, 
while  the  porosity  is  a  little  above  the  average. 

The  alternate  freezing  and  thawing  to  which  the  cubes  were 
subjected,  resulted  in  an  average  loss  for  the  two  samples  of  .10 
of  a  gram  on  a  mass  of  about  370  grams.  The  frozen  sample  test- 
ed on  an  average  of  2,259  lbs.  per  sq.  inch  less  than  the  fresh 
ones.  Among  the  granites  subjected  to  extreme  heat,  that  from 
Irma  was,  to  all  appearances,  the  least  injured.  At  a  tempera- 
ture of  1200°-1500°  F.  the  sample  showed  only  two  very  small 
cracks  at  the  margin.      The  color  was  changed  to  a  very  light 
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pink.     The  ring  of  the  granite  was  clear  and  light,  the  same  as 
that  of  the  other  granite  samples  tested. 

The  crushing  strength  of  the  fresh  samples  is  given  in  Chap- 
ter VTII.,  Table  II.  The  average  of  the  results  there  recorded 
is  18,023  lbs.  per  sq.  inch.  The  maximum  result  obtained  was 
22,690  lbs.  per  sq.  inch. 

General  Considerations. 

The  above  laboratory  examination  indicates  that  the  granite 
comes  well  within  the  standard  of  strength  and  durability,  be- 
ing suited  either  for  building  or  monumental  work.  There  is 
some  question  as  to  whetier  the  granite  will  take  a  desirable 
polish  along  the  direction  of  the  schistosity.  The  manner  in 
which  the  stone  occurs  in  the  quarry  does  not  afford  one  a  very 
good  basis  to  estimate  the  expense  of  quarrying.  The  outcrop 
is  on  the  brow  of  a  small  knoll,  and  not  sufficiently  well  exposed 
to  make  an  estimate  of  the  possible  dimensions.  The  quarry  is 
located  about  three-fourths  of  a  mile  from  the  railroad,  and 
it  would  be  necessary  for  successful  operation  to  have  a  railroad 
spur  from  the  main  road  to  the  quarry.  This,  of  course,  would 
not  be  practicable  until  the  quarry  has  proved  able  to  furnish 
large  dimensional  stock  with  a  reasonable  degree  of  facility. 

MISCELLANEOUS   ABEAS. 

Among  the  many  areas  of  undeveloped  granite  within  the 
state,  it  is  difficult  to  indicate  any  few  that  should  be  given  spe- 
<5ial  attention.  Fine  grained  gray  granite  is  now  quarried  at  a 
single  locality.  The  demand  for  granite  of  this  color  is  large 
and  steady,  and  for  this  reason  it  may  be  well  to  mention  that 
granite  of  this  description  occurs  in  the  vicinity  of  the  Falls  of 
the  Prairie  river,  and  in  the  SE.  J  of  Sec.  26,  T.  32,  E.  7  E., 
and  also  probably  in  other  localities  which  have  not  been  brought 
to  the  attention  of  the  author.  The  location  of  these  ledges  is 
not  very  favorable  for  transportation  and  they  will  probably  re- 
main undeveloped  for  many  years. 

At  Black  River  Falls  two  different  granites  outcrop  near  the 
river,  which  might   be  profitably   quarried   for   small  dimen- 
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fiional  purposes.  The  property  on  which  these  granites  occur 
is  owned  by  the  York  Iron  Co.  and  Mr.  A.  D.  Merrill,  of  Mer- 
rillan.  One  of  the  granites  is  a  fine  grained  stone,  resembling 
very  much,  in  color,  the  Montello  granite.  The  exposures  of 
this  granite  occur  near  the  river,  on  the  east  bank,  and  are  con- 
siderably broken  up  by  numerous  joints,  precluding  the  possi- 
bility of  quarrying  very  large  blocks.  Nevertheless,  it  is 
thought  that  the  stone  might  furnish  stock  for  a  considerable 
variety  of  uses.  The  other  granite,  which  outcrops  near  the 
old  smelter  and  tracks,  is  a  coarse  red  variety,  which  gives  bet- 
ter indications  in  the  way  of  obtaining  large  dimensions.  At 
this  place  the  stripping  is  about  15  feet.  The  joints  strike 
about  N.  78°  E.  and  N.  12°  W. 

From  Dexterville  to  Jenny  Bull  Falls,  along  the  Yellow 
river,  in  Wood  county,  a  great  variety  of  igneous  rocks,  mainly 
granite  and  rhyolite,  outcrop.  At  the  Falls  a  coarse  grained 
red  granite,  resembling  that  at  Black  River  Falls,  outcrops  in 
abundance.  The  granite  occurs  in  dimensions  suitable  either 
for  building  or  monumental  purposes,  but,  owing  to  the  inac- 
cessibility of  the  locality,  the  expense  of  opening  a  quarry  at 
that  place  would  be  too  great  to  warrant  the  undertaking. 

There  are  many  other  areas  in  different  parts  of  the  state^ 
where  equally  suitable  granite  may  be  found  in  large  quantities. 
But  so  long  as  the  cost  of  opening  and  lack  of  transportation 
facilities  places  the  stone  on  the  market  at  such  a  disadvantage 
with  the  stone  from  quarries  where  the  facilities  are  better^ 
they  cannot  be  successfully  developed. 

PLEISTOCENE    BOULDEBS. 

The  boulder  deposits  scattered  over  a  large  part  of  the  state 
are  one  of  the  important  sources  of  igneous  rocks,  suitable  for 
building  purposes.  At  irregular  intervals  over  most  of  the 
southern  part  of  the  st^te  nests  and  trains  of  granite,  rhyolite^ 
and  greenstone  boulders  have  been  deposited  by  the  glaciers. 
During  the  glacial  epochs,  the  ice  transported  millions  of 
boulders  from  the  areas  of  crystalline  rocks  in  northern  Wiscon- 
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sin,  Michigan,   and  southern  Canada,  and  deposited  them  over 
the  surface  of  the  land  to  the  south. 

These  boulders  represent  the  greatest  variety  in  kind,  color^ 
and  hardness.  Often  as  many  as  ten  or  fifteen  varieties  of 
igneous  rocks  may  be  distinguished  in  a  single  small  area.  The- 
colors  are  red,  brown,  and  green,  of  many  shades.  The  sound- 
ness of  much  of  this  stone  attests  its  durability,  l^othing  but 
the  most  durable  stone  could  withstand  transportation  by  a 
glacier  for  500  or  more  miles,  without  being  crushed  into  sand 
and  gravel  or  ground  into  clay.  This  is  one  of  the  reasons  why 
sandstone  and  limestone  fragments  are  seldom  transported  far 
from  their  place  of  origin. 

The  granite  boulders  frequently  weigh  several  hundred 
pounds,  and  in  many  places  they  have  been  found  weighing  sev- 
eral tons.  The  boulders  are  generally  of  a  size  suited  to  easy 
handling,  and  have  the  advantage  of  being  already  quarried* 
The  farmer  looks  upon  these  "hard  heads,"  as  they  are  called^ 
as  one  of  his  worst  enemies.  He  often  works  many  days  with 
a  team  to  remove  them  from  a  small  area,  so  numerous  are  they 
in  some  sections  of  the  state.  After  they  are  picked  up,  they 
are  generally  either  gathered  in  stone  piles,  built  into  fences,  or 
used  as  foundation  stone  on  the  farm. 

There  are  a  number  of  uses  to  which  glacial  boulders  are 
nicely  adapted,  viz. :  building,  foundations,  and  retaining  walls. 
When  the  workmanship  is  good,  there  is  nothing  prettier,  or 
more  unique,  than  a  building  or  retaining  wall  constructed 
from  different  colored  boulders.  The  best  illustration  in  this 
6tate  of  the  use  of  glacial  boulders  in  the  walls  of  a  building,  is 
the  depot  of  the  C,  M.  &  St.  P.  Ry.  at  Oconomowoc.  This 
building  is  shown  in  Plate  XVIII.,  Fig.  1.  The  building  must 
be  seen  to  be  appreciated,  because  it  is  not  possible  to  bring  out 
the  color  in  an  ordinary  photographic  reproduction.  The  use  of 
this  supply  of  building  stone  will  probably,  in  the  future,  be 
much  more  general  than  in  the  past.  When  people  become- 
better  acquainted  with  the  durability  of  this  stone,  and  the 
beautiful  effects  which  may  be  produced,  by  a  careful  arrange- 
ment of  colors,  it  will  be  largely  used  in  preference  to  the  less 
11 
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durable  white  and  gray  limestone  or  sandstone,  which  is  often 
quarried  in  the  same  vicinity. 


CONCLUSION. 

The  granite  industry  of  Wisconsin  is  still  in  its  infancy. 
Each  year  has  been  more  or  less  of  a  struggle  in  competition 
with  the  granite  from  the  eastern  quarries.  Many  of  our  peo- 
ple are  natives  of  the  New  England  states,  and  they  know  no 
other  granite  except  that  from  Vermont,  Maine,  New  Hamp- 
shire, or  Massachusetts.  Without  a  reputation,  Wisconsin  gran- 
ite has  been  obliged  to  enter  the  market  and  make  one.  This  it 
has  done,  but  only  after  much  money  has  been  spent  in  the  pio- 
neering work.  Wisconsin  granite  now  has  a  national  reputa- 
tion, and  quarries  which  are  opened  in  the  future  will  find  less 
opposition  to  the  use  of  their  product.  The  undeveloped  gran- 
ite resource  of  Wisconsin  is  simply  enormous.  There  are 
hundreds  of  acres  of  land  in  the  northern  part  of  the  state 
where  excellent  granite  outcrops  at  the  surface.  There  is  a  di- 
versity in  color  and  texture,  sufficient  to  satisfy  the  tastes  of  al- 
most any  person.  A  comparison  of  the  tests  of  Wisconsin 
granite,  given  in  this  report,  with  those  of  granite  from  other 
localities,  as  shown  by  the  tables  in  Chap.  VIII.,  indicates,  that 
a  person  can  make  no  mistake  in  purchasing  Wisconsin  granite. 

No  person  ought  to  feel  any  timidity  about  purchasing  a 
monument  hewn  out  of  Wisconsin  granite.  Neither  ought  one 
to  think  of  using  a  foreign  granite,  when  equally  as  good,  if  not 
better,  stock  can  be  purchased  from  quarries  within  our  own 
state.  We  ought  to  take  a  pride  in  constructing  monuments 
and  buildings  out  of  stone  quarried  in  Wisconsin,  whenever 
suitable  material  can  be  procured  to  equal  advantage. 

In  past  years  granite  operators  have  experienced  difficulty 
in  placing  the  stone  from  their  quarries  on  the  home  market,  as 
cheaply  as  their  eastern  competitors.  Eastern  granite  com- 
panies have  been  able  to  lay  down  their  stock  in  Milwaukee  and 
Madison  at  a  less  price  than  the  same  kind  of  stone  could  be  ob- 
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tained  from  quarries  within  our  own  state.  Four  reasons  are 
apparent  to  account  for  this  condition.  First,  the  stone  in  the 
eastern  states  occurs,  naturally,  in  some  of  the  quarries,  in  di- 
mensions more  suitable  for  economical  working.  Second| 
more  improved  facilities  for  quarrying  are  used  in  the  east. 
Third,  the  wages  for  laborers  and  skilled  workmen  are  lower 
in  the  east  than  in  the  west.  Fourth,  transportation  rates  are 
cheaper.  All  of  these  circumstances  have  contributed  their 
share  in  hampering  the  granite  industry  of  Wisconsin.  The 
eastern  quarries  have  been  opened  for  a  great  many  years,  and 
have  reached  a  point  where  the  stone  can  be  utilized  with 
greater  economy  than  from  the  new  quarries  of  the  west.  When 
a  granite  quarry  is  well  developed,  it  is  much  easier  to  secure 
suitable  dimensions  than  when  the  quarry  is  first  opened. 

Quarrying  operations  in  this  state  are  begun,  as  a  rule,  with 
limited  capital,  which  excludes  the  use  of  improved  machinery. 
It  is  next  to  useless  for  one  to  expect  to  successfully  operate  a 
granite  quarry  which  is  not  provided  with  suitable  machinery. 
A  hand  derrick  will  never  compete  with  a  derrick  that  is  worked 
by  steam.  A  drill  cannot  be  operated  by  hand  as  successfully 
as  by  steam.  A  stone  can  be  dressed  much  more  cheaply  by 
machinery  than  by  hand. 

But  this  is  not  all.  It  was  for  many  years  difficult  to  secure 
the  services  of  skilled  stone  cutters,  without  paying  a  premium 
over  the  wages  paid  by  eastern  quarry  operators.  Today,  al- 
though the  wage  diflFerence  is  not  so  great,  this  same  difficulty 
must  be  met  by  the  quarry  operator. 

The  transportation  rates  from  the  British  Islands  to  the 
United  States  have  been  very  low,  much  of  the  stone  being 
brought  over  as  ballast.  The  freight  rates  west  have  been 
much  less  than  the  rates  east,  which  has  very  materially  aided 
eastern  operators  in  placing  their  product  on  the  western  mar- 
ket. 

As  the  state  is  becoming  better  settled  all  of  these  causes  for 
the  slow  development  of  our  granite  industry  are  passing  away. 
It  has  been  observed  in  the  previous  pages  that  the  stone  from 
many  of  the  Wisconsin  quarries  can  be  quarried  in  any  required 
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dimensionB.  The  wages  paid  the  workmen  are  reasonable;  and 
compare  favorably  with  the  wages  paid  quarrymen  in  the  east- 
em  states.  The  machinery  used  is  now  the  best  on  the  market. 
New  railroads  and  spurs  have  aided  transportation.  The  west- 
em  producer  is  constantly  nearing  the  point  where  he  can  meet 
his  eastern  competitor  on  equal  terms.  Above  all,  people  are 
coming  to  appreciate  the  true  merit  of  Wisconsin  granite,  and  to 
know  that  there  is  none  better  in  the  world. 


II.     THE  METAMORPHIC  ROCKS. 

QTTABTZITE. 

The  rocks  treated  under  this  special  head  are  metamorphosed 
sedimentarieS;  and  are  in  no  way  related  to  the  igneous  rocks 
discussed  in  the  first  part  of  the  chapter.  Unfortunately^ 
quartzite  is  frequently  spoken  of  as  granite.  But  nothing 
could  give  one  a  more  mistaken  idea  of  the  true  character  of  the 
rock  than  to  name  it  a  granite.  Its  origin  is  essentially  dif- 
ferent from  that  of  granite  or  rhyolite.  Originally  it  was  a 
sandstone,  formed  through  aqueous  deposition,  which  later  be- 
came hardened  and  cemented  through  metamorphic  agencies. 
We  regret  that  there  are  still  companies  that  place  quartzite 
vpon  the  market  as  granite. 

Quartzite  is  quite  widely  distributed  in  isolated  areas^ 
throughout  that  portion  of  the  state  largely  underlain  by  sedi- 
mentary rocks.  It  is  all  of  pre-Cambrian  age,  and  thought  to 
be  mainly  Upper  Huronian,  although,  in  some  instances,  there 
is  no  reliable  evidence  on  this  point.  Numerous  outcrops  of 
quartzite  occur  in  Sauk  county,  some  thirteen  distinct  areas 
having  been  mapped.  Together  they  constitute  what  are  known 
as  the  Baraboo  Bluflfs.  Extensive  outcrops  are  found  in  Bar- 
ron coimty,  near  Rice  Lake,  in  Jefferson  county,  near  Waterloo^ 
and  in  Dodge  county,  near  Portland.  The  areas  in  Jefferson 
and  Dodge  counties  are  known  as  the  Waterloo  quartzite. 

Other  large  mounds  of  quartzite  occur  in  Juneau  county, 
near  Necedah,  and  in  the  central  portion  of  Chippewa  county  in 
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T.  32,  R.  7  W.  Besides  the  above  mentioned  areas,  quartzite 
outcrops  at  many  places  within  the  great  northern  crystalline 
area,  but  the  outlines  of  these  areas  have  not  yet  been  deter- 
mined. 

Among  the  uses  for  which  quartzite  is  quarried  in  Wisconsin 
are  paving,  macadam,  monument  bases,  furnace  lining,  and 
aand  paper.  For  rough  work,  where  large  dimensions  are  not 
desired  and  cutting  and  dressing  are  unnecessary,  the  quartzite 
may  be  used.  It  is  one  of  the  hardest  and  most  durable  stones, 
being  composed  almost  entirely  of  quartz,  tometimes  sta'ned  red 
or  brown,  with  a  small  percentage  of  iron  oxide.  The  color 
ranges  all  the  way  from  grayish  white  to  dark  reddish  brown. 
It  is  one  of  the  most  refractory  of  stones  and  dresses  with  ex- 
ceeding difficulty. 

The  quartzite  of  the  more  southern  areas,  the  Baraboo  Bluffs 
and  Waterloo,  has  been  quarried  for  a  number  of  years.  At 
each  of  these  places  there  is  an  imlimited  supply,  easily  acces- 
sible, and  adjacent  to  the  railroad. 

On  the  Baraboo  Bluff-s  quarrying  has  been  conducted  at  two 
places,  DeviFs  Lake  and  Ablemans.  The  former  place  is  lo- 
cated on  what  is  known  as  the  south  range,  while  the  latter  is  on 
the  north  range.  The  Wisconsin  Granite  Co.  operates  at 
Ablemans,  and  the  Western  Granite  Co.  at  Devil's  Lake. 
These  company  names  are  both  misleading,  inasmuch  as  the 
stone  being  quarried  is  not  ^anite,  but  quartzite. 

The  crushers  are  located  near  the  foot  of  the  bluffs,  imme- 
diately adjacent  to  the  railroad  track.  The  stone  does  not  re- 
quire much  handling,  and  at  present  is  mainly  obtained  from 
large  detached  fragments  which  are  thickly  strewn  over  the 
hillsides.  Across  the  valley,  and  a  short  distance  south  of  the 
Wisconsin  Granite  Co.'s  works,  at  Ablemans,  the  Illinois  Iron 
and  Steel  Co.  are  quarrying  the  quartzite  quite  extensively, 
and  using  it  for  metallurgical  purposes. 

The  quarry  near  Portland,  in  the  Waterloo  quartzite  area,  is 
owned  by  Ph.  Fuchs,  and  has  been  operated  for  a  number  of 
years  by  the  Berlin-Montello  Granite  Co.  The  quarry  was 
opened  in  1882,  and  has  been  operated  more  or  less  each  year 
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sinoe.  Nine  openings  have  been  made  at  various  places  on  the 
qnartzite  knolls,  but  the  stone  has  been  furnished  mainly  for 
street  purposes, — ^macadam  and  paving  blocks.  It  has  also  been 
used  to  a  limited  extent  for  monument  bases,  and,  to  some  ex- 
tent, the  finer  product  of  the  crushed  stone  has  been  used  in  the 
construction  of  granolithic  walks. 

The  value  of  the  stone  for  macadam  and  paving  blocks  de- 
pends largely  upon  the  way  in  which  they  are  used.  Crushed 
stone  which  is  to  be  used  for  macadam  should  possess  two  dis- 
tinct qualities.  First,  it  should  be  durable,  i.  e.,  capable  of 
resisting  wear.  Second,  it  should  be  of  such  composition  that 
it  will  serve,  in  itself,  as  a  binding  material,  whereby  the  road- 
bed will  be  so  compacted  at  the  surface  that  it  will  shed  water. 
The  quartzite  possesses  to  an  admirable  degree  the  capacity 
to  resist  wear,  but  it  is  poorer  in  the  binding  quality. 
One  should  not  infer  from  this  that  the  stone  is  unsuitable  for 
macadam.  On  the  contrary,  it  is  far  superior  to  many  of  the 
softer  rocks  now  used  for  this  purpose,  and  can  be  so  combined 
with  other  crushed  stone,  as  to  make  an  admirable  road-bed. 

For  paving  purposes  the  stone  is  very  durable,  but  after  a 
short  time  the  blocks  become  very  slippery,  and  for  this  reason 
they  are  less  sought  after  than  granite. 

Except  for  local  purposes,  no  attempt  has  ever  been  made  to 
develop  the  remaining  quartzite  areas.  The  location  of  cer 
tain  of  the  mounds  is  such  as  to  suggest  that  in  the  future  the 
stone  may  serve  as  a  desirable  source  of  material  for  road  con- 
struction. Whether  or  not  it  will  be  thus  utilized,  remains  to 
De  seen. 
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CHAPTER    III. 


SANDSTONE. 

One  of  the  most  widely  distributed  building  stones,  and  one 
which  furnishes  perhaps  the  greatest  variety  in  color  and  texir 
ure  among  the  sedimentary  rocks  of  Wisconsin  is  the  sandstone 
of  the  Potsdam  and  St.  Peters  formations.  A  glance  at  the 
general  map,  Plate  I.,  will  give  one  a  better  idea  of  the  general 
distribution  of  these  formations  than  can  be  obtained  from  any 
verbal  description.  The  Potsdam  sandstone  has  a  much  larger 
surficial  distribution  than  the  St.  Peters,  and  is  of  relatively 
greater  importance  as  a  source  of  building  stone.  Beginning 
in  the  northeast  corner  of  the  state  at  the  Menominee  river, 
the  Potsdam  formation  swings  in  a  broad  belt  around  to  the 
southwest,  and  then  again  northwest,  as  far  as  the  St.  Croix 
river.  A  second  small  area  of  sandstone  of  the  same  formation 
skirts  the  south  shore  of  Lake  Superior  from  the  northwest 
corner  of  the  state  almost  to  the  Montreal  river,  and  forms  the 
immediately  underlying  rock  of  the  group  of  islands  known  as 
the  Apostle  Islands.  This  area,  bordering  on  Lake  Superior, 
is  known  as  the  Northern  or  Lake  Superior  sandstone,  while  the 
large  belt  swinging  south  of  the  central  complex  of  igneous 
rocks  is  known  as  the  Southern  Potsdam  sandstone.  The  out- 
line of  the  Southern  sandstone  belt  is  very  irregular,  both  at  its 
northern  and  southern  limits.  The  width  of  the  belt  varies 
from  6  to  80  or  even  90  miles.  The  Lake  Superior  sandstone 
belt  is  much  narrower,  having  an  average  width  of  about  6  or  8 
miles.  The  sandstone  is  everywhere  underlain  by  Pre-Cam- 
brian  crystalline  rocks.     The  sandstone  south  of  the  southern 
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•area  is  overlain  by  the  Lower  Magnesian  limestone,  beneath 
"which  it  everywhere  disappears.  The  irregularity  in  the 
l)oundary  of  the  sandstone  throughout  the  south  central  and 
western  portions  of  the  state,  is  due  to  the  rivers  and  creeks 
which  have  often  cut  their  channels  through  the  overlying 
Xower  Magnesian  limestone,  exposing  the  Potsdam  sandstone 
along  the  bluffs  on  either  side. 

The  St.  Peters  sandstone  extends  in  a  very  narrow  belt,  often 
not  more  that  a  mile  wide,  from  the  northeastern  part  of  the 
state,  near  Marinette,  in  a  southwesterly  direction,  as  far  as  the 
state  line  on  the  south,  and  the  Mississippi  river  on  the  west. 
In  the  western  part  of  the  state  the  formation  is  exposed  in  ir- 
regular isolated  areas,  in  Crawford,  Vernon,  Buffalo,  Pierce, 
and  St  Croix  counties.  On  account  of  the  river  erosion, 
which  has  brought  the  sandstone  to  the  surface  in  many  of  the 
▼alleys  in  the  southern  and  western  parts  of  the  state,  the  sur- 
ficial  distribution,  like  that  of  the  Potsdam,  is  very  irregular. 
The  sandstone  outcrops  more  generally  in  the  southern  part  of 
the  state  than  elsewhere.  It  is  everywhere  underlain  by  the 
Lower  Magnesian  limestone  and  to  the  south  and  east  passes 
underneath  the  Trenton  limestone  formation.  The  character- 
istics of  the  St.  Peters  formation,  and  the  quality  of  the  build- 
ing stone  which  is  quarried,  will  be  considered  in  a  later  part 
<of  this  chapter. 

It  is  our  purpose  to  treat  the  sandstone  of  Wisconsin  in  three 
<listinct  parts:  (1)  the  Northern  Potsdam,  or  Lake  Superior; 
(2)  the  Southern  Potsdam;  and,  (3)  the  St.  Peters  sandstone. 

THE  NORTHERN   POTSDAM   SANDSTONE. 

The  Potsdam  sandstone  of  the  Lake  Superior  region  is  ordi- 
narily known  as  the  Lake  Superior  Brownstone.  It  differs 
very  decidedly  from  the  sandstone  of  the  Southern  Pots- 
dam and  St.  Peters  formations,  both  in  color  and  physical 
characteristics.  A  number  of  years  ago  the  demand  for  brown 
sandstone  was  very  great,  and  at  that  time  some  of  the  most  ex- 
tensive and  well  equipped  quarries  in  the  state  were  developed 
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in  this  region.  These  quarries  are  clustered  either  in  the  vicin- 
ity of  Bayfield  and  Washburn,  or  scattered  alon^  the  south 
shore  of  Lake  Superior.  A  large  portion  of  the  region  im- 
mediately underlain  by  this  formation  is  unsettled,  and  the  pos- 
sibility for  future  development  of  the  brownstone  industry  can- 
not be  estimated. 

The  sandstone  belt  comprises  a  strip  of  land,  adjacent  to  Lake 
Superior,  about  6  or  8  miles  wide,  extending  from  the  north- 
west comer  of  the  state  almost  to  the  Montreal  river  on  the  east. 
At  many  points  along  the  lake,  between  Superior  and  the  east- 
ern limit  of  the  sandstone,  the  shore  is  skirted  by  bold  sand- 
stone cliffs,  which  are  so  situated  that  they  afford  excellent 
opportunities  for  quarrying.  The  Apostle  Islands  are  mainly 
<5omposed  of  brown  sandstone,  which  in  many  places  forms  bold 
precipitous  coast  lines.  Everywhere  the  sandstone  is  more  or 
less  concealed  underneath  a  thin  mantle  of  clay. 

The  Lake  Superior  sandstone  region  naturally  divides  itself 
into  two  areas,  called  respectively  the  Chequamegon  and  South 
Shore.  The  former  is  made  to  include  all  the  region  east  of  R. 
7  W.,  while  the  latter  includes  the  region  west  of  R.  6  W.  The 
South  Shore  interests  are  centered  at  Superior  and  Duluth, 
while  those  of  the  Chequamegon  area  are  centered  mainly  at 
Ashland,  Washburn,  and  Bayfield. 

CHEQUAMEOON    ABEA. 

The  approximate  distribution  and  extent  of  the  brown  sand- 
stone of  the  Chc(i[uaiiiegon  area  is  shown  on  the  sketch  map, 
Plate  XXII.,  after  Prof.  T.  C.  Chamberlin.  The  distribu- 
tion indicated  comprises  not  only  the  areas  where  sandstone 
.actually  outcrops,  but  also  the  area  covered  with  surface  soil, 
which  is  supposed  to  be  underlain  by  sandstone.  From  Ash- 
land to  Bayfield,  the  sandstone  outcrops  in  many  .places  along 
the  shore,  often  in  vertical  or  overhanging  cliffs  of  considerable 
height.  The  Apostle  Islands,  which  are  also  included  in  this 
area,  are  largely  composed  of  sandstone,  which  is  best  exposed 
about  their  margins.  Only  a  few  of  the  many  favorable  local- 
ities for  quarrying,  either  on  the  islands  or  mainland,  have  thus 
far  been  exploited. 
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The  first  quarry  in  this  area  was  opened  in  1868  on  Bass- 
Island,  by  the  Bass  Island  Brownstone  Co.  The  first  stone 
quarried  was  furnished  to  build  the  Milwaukee  Court  House, 
in  1870,  and  people  expressed  many  grave  fears  respecting  the 
advisability  of  using  a  new  and  untried  stone  in  such  an  import- 
ant structure.  The  difficulties  which  the  early  operators  ex- 
perienced in  placing  their  product  on  the  market  is  well  de- 
picted in  the  newspaper  comments  and  the  reports  of  committees 
and  experts,  on  the  suitability  of  the  Lake  Superior  brownstone, 
for  use  in  this  building.  In  a  report  to  the  Board  of  Alder- 
men, published  in  the  Evening  Wisconsin,  March  16,  1869,  the- 
fitness  of  the  stone  was  questioned  by  Messrs.  Gindele,  Ches- 
brough,  and  Bauer,  of  Chicago ;  by  Cols.  Wheeler  and  Farquhar 
of  the  U.  S.  Engineers  office  of  Milwaukee ;  and  by  J.  L.  Whit- 
temore.  Engineer  of  the  C,  M.  &  St.  P.  Ry.  After  careful 
examination  it  was  pronounced  in  all  respects  suitable,  by  Prof. 
I.  A.  Lapham,  LL.  D.,  Peter  White,  Esq.,  of  Marquette,  Mich- 
igan, Prof.  James  Hall,  of  Albany,  New  York,  Wm.  R.  Sill,, 
late  Chief  Engineer  of  the  La  Crosse  &  Milwaukee  R.  R.,  and 
Mr.  N.  Merrill,  a  well  known  stone  cutter.  It  was  in  the  face 
of  a  very  considerable  opposition,  mainly  by  engineers,  who* 
favored  a  conservative  policy,  that  the  Court  House  was  finally 
built  of  brownstone  from  the  Bass  Island  quarries.  The  build- 
ing has  not  crumbled  or  fallen  in  a  few  years,  as  was  predicted, 
but  stands  today  almost  as  fresh  as  if  it  were  built  but  yesterday. 

The  credit  for  first  developing  the  brownstone  industry  prob- 
ably belongs  to  a  prospecting  party,  of  which  Mr.  Almson  Sweet 
of  Milwaukee  was  a  member,  and  in  which  Mr.  D.  L.  Wells  of 
Milwaukee  was  largely  interested.  Since  the  opening  of  the 
first  quarry  on  Bass  Island  seven  other  important  quarries  have- 
been  developed  in  this  area. 

Quarry  Observations. 

The  sandstone  occurs  in  heavy  beds,  often  12  or  15  feet  in 
thickness.  Thin  layers  of  clay  or  shaly  material,  from  1  to  5 
feet  in  thickness,  are  occasionally  interbedded*  with  the  sand- 
stone.    It  often  happens  that  stratification  planes  cannot  be  ob- 
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served  except  where  cross  bedding  occurs.  The  stone  possesses 
a  capacity  to  split  readily,  parallel  to  the  bed,  at  almost  any 
depth. 

Two  major  sets  of  jointing  planes,  striking  about  north  and 
south,  and  east  and  west,  occur  in  most  of  the  quarries,  although 
in  a  few  the  strike  is  northwest  and  southeast.  These  joints 
are  approximately  vertical,  and  generally  smooth  sided.  Twa 
sets  of  joints,  dipping  generally  at  an  angle  of  about  45°,  occur 
at  irregular  intervals  in  many  of  the  quarries.  Fortunately 
they  are  not  abundant.  The  regular  joints  are  too  far  apart  to 
be  of  assistance  in  quarrying  and  are  therefore  seldom  made 
use  of.  Blocks  of  any  desired  size  can  be  obtained  at  all  the 
quarries,  where  the  facilities  for  handling  are  adequate. 

The  amount  of  soil  stripping  depends  upon  the  location  of  the 
quarry,  and  varies  from  nothing,  in  some  quarries,  to  10  or  12 
feet  in  others.  If  the  capping  of  soil  is  light,  the  sandstone,  to 
a  depth  of  10  or  12  feet  below  the  surface,  is  generally  much 
broken  up.  Stone  taken  from  this  part  of  a  quarry  is  used 
mainly  for  pier  and  breakwater  purposes,  and  seldom  more  than 
pays  for  its  removal. 

Where  the  surface  of  the  sandstone  has  been  exposed  to  the 
weather  for  many  centuries,  it  has  a  light  grayish  or  yellowish 
brown  color,  which  extends  to  a  very  shallow  depth  below  the 
surface.  Lichens  grow  in  many  places  on  the  natural  ex- 
posures, giving  some  evidence  of  durability.  The  stone  ob- 
tained from  the  several  quarries  of  this  area  is  very  similar,  dif- 
fering mainly  in  the  shade  of  color  and  fineness  of  grain. 

The  shade  of  color  varies  not  only  between  different  quarries,, 
but  also  between  different  beds  in  the  same  quarry.  The  sand- 
stone from  certain  quarries  has  a  light  reddish  brown 
color,  while  that  from  others  is  very  dark,  having  almost 
a  bluish  tone.  Besides  the  many  shades  of  brown  and  red, 
white  streaks  and  spots  occur  in  portions  of  certain  quarries,, 
giving  the  rock  a  variegated  color.  The  different  shades  of 
brown  are  nicely  shown  in  the  accompanying  plate.  (See  PI. 
XXIIL  Also  PI.  XXXIV.)  Between  the  dark  and  Kght 
shades,   there   are  many   intermediate   tints,   which  give  va- 
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riety  to  the  color  effects  of  the  stone.  In  any  particular 
opening  the  differences  in  color  are  mainly  between  the  different 
beds.  The  color  of  the  stone  in  the  individual  beds  of  a  quarry, 
is  generally  uniform  throughout  any  single  opening.  When 
observed  at  a  short  distance,  the  different  shades  of  brown  in 
many  of  the  beds  is  scarcely  noticeable.  The  color  is  in  all 
respects  permanent,  decoloration  resulting  only  after  thousands 
of  years  of  exposure,  and  then,  cs  shown  by  the  rock  in  the 
natural  outcrops,  it  only  affects  the  surface. 

The  white  spots  and  streaks  mentioned  above  are  only  objec- 
tionable when  stone  of  absolutely  imiform  color  is  desired,  and 
are  in  no  way  related  to  the  strength  or  durability  of  the  rock. 
The  white  spots  and  streaks  do  not  occur  throughout  any  con- 
siderable portion  of  the  quarries,  although  none  of  the  quarries 
in  this  area  are  entirely  free  from  them. 

The  sandstone  is  composed  mainly  of  medium  sized  grains  of 
quartz,  with  which  occasional  feldspar  grains  are  mingled.  The 
grains  vary  in  size  in  different  samples,  but  are  fairly  repre- 
sented in  Plates  LXIV.  and  LXV.  The  grains  are  subangu- 
lar  in  shape,  and  more  or  less  cemented  together  by  secondary 
<iuartz.  Iron  oxide,  in  the  form  of  dirty,  reddish  brown  hematite, 
is  present  in  all  the  samples,  coating  the  grains  and  giving  color- 
ing to  the  rock,  but  not  serving  as  an  important  cement,  as  some 
have  suggested.  Besides  these  abundant  constituents,  the  sand- 
stone also  contains  occasional  grains  of  chert,  and  small  amounts 
of  argillaceous  material.  A  close  examination  shows  that  the 
sandstone  is  sufficiently  well  cemented  for  all  practical  purposes, 
and  that  the  mineral  constituents  are  such  as  will  decompose 
only  with  great  difficulty. 

Certain  portions  of  individual  beds,  in  all  the  quarries  of  this 
area,  are  more  or  less  injured  by  what  are  commonly  known  as 
clay  pockets.  Stone  which  is  affected  by  clay  pockets  is  very 
appropriately  spoken  of  by  the  quarrymen  as  having  the  "Kver 
complaint.''  The  clay  pockets  are  small,  oval,  or  irregular 
nodules  of  soft  clay,  which  readily  disintegrate  and  fall  away 
from  the  stone,  after  it  is  exposed  for  a  short  time  to  the 
weather.     The  result  is  a  shallow  depression  or  cavity  in  the 
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face  of  the  rock.  The  clay  pockets  range  all  the  way  from  those 
the  size  of  a  pea,  to  those  which  are  2  ft.  long  by  6  in.  thick. 
(See  Fig.  3.) 
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It  cannot  be  denied  that  clay  pockets  are  an  objectionable  feat- 
ure of  the  sandstone.  Where  they  are  very  large  or  numerouB, 
the  strength  of  the  stone  may  be  somewhat  lessened  by  their 
presence;  but  if  small  and  of  only  occasional  occurrence  the 
strength  of  the  stone  will  be  little,  if  any,  affected.  The  moat 
undesirable  feature  of  the  stone  containing  clay  pockets  is  the 
appearance  of  the  pitted  surface.  If  the  pockets  are  small  and 
do  not  appear  on  the  exterior  of  the  wall,  they  can  hardly  be  con- 
sidered injurious.  Stone  which  is  graded  No.  1  contains  no 
clay  pockets  of  injurious  size,  and  by  careful  selection  and  cut- 
ting, much  of  the  stone,  which  is  condemned  on  account  of  these 
imperfections,  could  be  used  for  the  same  purposes  that  the  No. 
1  stock  is  now  used  for.  A  large  percentage  of  stone  in  most  of 
the  quarries  is  free  from  clay  pockets,  but  the  relative  amount 
in  some  quarries  is  much  greater  than  in  others.  Natorally, 
these  conditions  influence  to  some  extent  the  standard  by  which 
the  stone  is  graded. 
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Certain  beds  in  the  quarries  also  contain  layers  in  which  small 
pebbles  are  embedded.  Upon  dressing  the  surface,  these  peb- 
bles occasionally  fall  out,  leaving  cavities  similar  to  those 
formed  by  the  weathering  of  the  clay  pockets.  The  pebbles  are 
uniformly  smaU,  and  generaUy  so  firmly  cemented  in  the  matrix, 
that  they  dress  down  with  the  sandstone  itself. 

In  places,  the  iron  oxide,  which  gives  coloring  to  the  rock,  has 
been  so  concentrated  along  certain  of  the  sedimentary  planes 
that  the  rock  has  a  streaked  appearance.  The  stone  in  certain 
parts  of  the  quarries  is  cross  bedded,  but,  in  general,  the  beds 
Tiave  such  a  imiform  texture  that  the  stratification  planes  can- 
not be  detected,  except  on  the  weathered  surface. 

These  imperfections  do  not  occur  in  the  No.  1  stone,  but  are 
•isharacteristic  of  the  poorest  stone  in  all  the  quarries.  In  some 
quarries  they  are  more  abundant  than  in  others,  but  the  only 
way  that  they  injure  the  quarry  is  by  limiting  the  amount  of  No. 
1  stone  that  can  be  obtained.  If  a  quarry  contains  a  large 
amount  of  inferior  stone,  the  tendency  is  to  lower  the  grade, 
which  results  in  the  purchaser  actually  buying  stone  of  mixed 
grade  for  No.  1.  The  quarryman  is  responsible  for  this  condi- 
tion, and  not  the  quarry.  It  is  possible  to  obtain  clear  stock, 
uniform  in  color,  free  from  clay  pockets,  pebbles,  or  white  spots, 
in  practically  unlimited  amounts,  from  any  of  the  quarries  of 
this  area. 

Laboratory  Examination. 

Microscopical  Examination. — The  microscopical  examination 
-shows  a  difference  in  the  size  of  the  individual  grains,  compos- 
ing the  stone  from  the  different  quarries,  and  a  slight  difference 
in  mineralogical  composition.  The  grains  which  make  up  the 
rock  are  not  so  well  rounded  as  would  ordinarily  be  supposed, 
but  are  largely  subangular  in  outline.  They  consist  mainly  of 
quartz  and  an  occasional  grain  of  feldspar  and  chert.  Iron  ox- 
ide is  quite  imif  ormly  present  as  a  thin  coating  about  the  grains, 
l)ut  is  more  abundant  in  some  sections  than  in  others.  Argilla- 
ceous material  is  disseminated  in  small  amounts  through  the  in- 
terstices, but  is  not  sufficiently    abundant  to  be  harmful  to  the 
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strength  of  the  rock.  The  quartz  grains  are  cemented  mainly 
by  silica.  The  iron  oxide  is  primarily  a  coloring  agent,  al- 
though it  may  probably  also  serve  as  a  subordinate  cementing 
material.     (See  PI.  LXV.) 

Chemical  Analysis. — Chemical  analysis  No.  1,  made  upon 
brownstone  from  Bass  Island,  is  taken  from  the  Geology  of  Wis- 
<K)nsin,  Vol.  I.,  p.  304.  No.  2  was  made  for  this  report  by  Prof. 
W.  W.  Daniells,  from  a  sample  of  brownstone  from  Babcock  & 
Smith's  quarry,  Houghton. 


Si    O,. 
Fe.O, 
Ca   O 
Mg  O 
Al,  O, 
K,  O 
Na,0 


No.  1. 

No.  2. 

87.02 

86.57 

3.91 

1.55 

.11 

trace 

.06 

of  MnO 

7.17 

8.43 

1.43 

2.36 

.22 

0.67 

99.92 

99.58 

These  analyses  show  a  high  percentage  of  silica  and  a  com- 
paratively low  percentage  of  aluminum,  both  of  which  are  fav- 
orable to  the  durability  of  the  stone.  The  presence  of  a  very 
considerable  amount  of  potassium  indicates  that  feldspar  is  a 
somewhat  abundant  constituent  of  the  rock. 

Hardness. — The  brown  sandstone  from  this  area  is  harder 
than  many  sandstones  of  this  character,  as  shown  by  a  compari- 
son with  the  red  sandstone  of  Michigan.  The  Wisconsin  brown- 
stone saws  four  inches  an  hour,  while  that  from  Portage  Entry 
runs  as  high  as  28  inches  per  hour.  This  difference  is  so  great 
that  there  is  no  question  as  to  which  of  the  two  stones  is  the 
harder. 

Physical  Tests. — The  average  crushing  strength  of  the  brown- 
stone is  above  that  required  for  ordinary  building  purposes. 
Eeference  to  Chapter  VIII.,  Table  II.,  shows  that  the  brown- 
stone of  this  area  has  an  average  compressive  strength  of 
over  4,500  lbs.  per  sq.  inch  on  2  inch  cubes.  This  is  200  lbs. 
above  the  average  crushing  strength  of  17   cubes  of  Bedford 
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oolitic  limestone,  as  published  in  the  report  of  the  State  Geolo- 
gist of  Indiana,  for  1896.^ 

The  transverse  tests  (See  Chapter  VIII.,  Table  III.)  show 
that  the  sandstone  is  capable  of  carrying  only  an  ordinary  load 
when  suspended  at  the  ends.  The  modulus  of  rupture,  as  deter- 
mined in  the  laboratory  of  the  University  of  Wisconsin,  ranged 
from  464.2  lbs.  to  574.6  lbs.  per  sq.  in.  The  average  of  five 
determinations  was  643.4  lbs.  per  sq.  in.  It  is  now  customary 
to  arch  the  windows  and  doors,  instead  of  using  single  blocka 
for  window  or  door  caps.  Used  in  this  manner,  the  sandstone 
is  suflSciently  strong  to  support  any  load  that  may  be  required 
of  it 

The  average  specific  gravity  of  ten  samples,  given  in  Chap- 
ter VIII.,  Table  V.,  is  2.637.  The  porosity,  or  percentage 
of  actual  pore  space,  recorded  in  the  same  table,  is  higher  than 
most  of  the  other  rocks  from  Wisconsin  quarries,  and  is  appar- 
ently higher  than  sandstone  from  other  states.  But  it  must  be  re- 
membered that  in  no  other  state  report  on  building  stones  has 
an  attempt  been  made  to  compute  the  actual  percentage  of  pore 
space.  That  which  is  given  in  other  reports  is  the  percentage 
of  the  weight  of  water  absorbed  to  the  weight  of  the  dry  rock. 
This  has  also  been  computed  for  the  Wisconsin  stone.  The  re- 
sults, called  ratio  of  absorption  in  distinction  from  porosity,  are 
given  in  the  next  column.  The  average  porosity  of  the  sandstone 
of  this  area  is  20.19  per  cent.,  while  the  ratio  of  absorption  is 
less  than  one-half  of  this  amount,  or  9.59  per  cent.  Consider- 
ing the  medium  grained  character  of  the  rock,  and  the  large  size 
of  the  pores,  the  possibility  of  danger  from  frost  is  very  little. 
Sandstone,  having  a  texture  similar  to  that  from  this  area,  gives 
off  any  water  which  it  may  have  absorbed,  with  such  rapidity, 
that  it  is  out  of  danger  before  the  temperature  can  drop  suffi- 
ciently to  freeze  the  interstitial  water. 

Ten  samples  from  these  same  quarries  were  subjected  to  al- 

>  The  Bedford  Limestone,  by  T.  C.  Hopkins  and  C.  £.  Siebenthal:  2lBt 
Ann.  Kept,  of  the  Dept.  of  Geol.  &  Natl.  Resources  of  Indiana,  1896,  p.  317. 
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ternate  freezing  and  thawing,  after  the  iiieth<xl  explained  on  pp. 
71  and  72. 

The  results  are  given  in  Chapter  VIII.,  Tables  VI.  and 
VII.  The  average  loss  in  weight  after  35  days'  exposure, 
on  cubes  weighing  fioui  2G5.S  to  412  grams,  amounted  to  only 
.395  of  a  gram,  or  less  than  one-sixth  of  one  per  cent.  The 
average  loss  in  strength,  as  shown  in  table  VII.,  amounted  to  a 
little  over  800  lbs.  per  sq.  in.,  which  is  a  loss  of  about  17  per 
cent. 

Two  inch  cubes  of  sandstone  from  these  quarries  were  placed 
in  a  mufSe  furnace,  and  gradually  heated  to  a  temperature  of 
1,500^  F.  When  cooled,  after  being  heated  to  a  temperature 
of  1,000^  F.,  the  sandstone  was  apparently  but  little  injured. 
At  a  temperature  of  from  1,200°  to  1,500°  F.  the  different  sam- 
ples were  not  cracked  and  gave  no  other  external  evidence  of 
weakness.  When  tested,  however,  after  being  allowed  to  cool, 
the  strength  was  found  to  be  largely  gone.  The  samples  could 
be  powdered  between  the  fingers.  (See  Plates  LVI.,  and 
L\'il.)  It  appears  that  in  the  case  of  sandstone  the  injury 
is  occasioned  mainly  Ihrough  a  loosening  of  the  individual  parti- 
cles composing  the  rock,  rather  than  by  fracturing  or  scaling  off, 
as  in  the  case  of  stone,  in  which  the  grains  interlock.  The 
fact  that  the  sandstone  samples  were  destroyed  at  the  high  tem- 
perature of  1,200°  to  1,500°  F.  simply  indicates,  as  in  the  case 
of  the  granites  and  limestones,  with,  which  they  were  tested,  that 
no  stone,  however  well  compacted,  or  fine  grained,  can  remain 
uninjured  when  heated  to  this  extreme  temperature.  That  the 
sandstone  was  a])parently  little  injured  at  temperatures  of  less 
than  1,000°  F.  is  abundant  evidence  that  it  would  be  little  in- 
jured by  the  burning  of  the  interior  of  any  ordinary  building. 
It  is  to  the  advantage  of  the  sandstone  that  it  does  not  flake  or 
crack,  when  subjected  to  this  extreme  heat,  although  this  very 
characteristic  might  deceive  one  in  estimating  the  injury  done 
the  stone  by  a  conflagration. 

The  above  laboratory  tests  are  sufficient  to  indicate  that  the 
Chequamegon  brownstone  is  adapted  to  a  great  many  uses.  Es- 
12 
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pecially  is  the  stone  well  suited  to  all  kinds  of  building  construc- 
tion. It  is  sufficiently  strong  to  withstand  the  weight  of  the 
most  massive  structures  now  built,  and  its  durability,  when 
properly  laid  and  dressed,  is  unsurpassed  by  any  other  sand- 
stone. 

The  Output, 

The  output  from  these  quarries  is  generally  graded  and  sold^ 
on  board  the  cars,  in  rough  scabbled  dimension  blocks.  ISTone 
of  the  quarry  operators,  to  my  knowledge,  dress  any  of  the  stone 
at  the  quarry.  It  is  generally  graded  into  Nos.  1,  2  and,  occa- 
sionally, 3  mill  blocks ;  Nos.  1  and  2  ton  stone ;  and  rubble.  The 
stripping  is  sometimes  sold  under  the  name  of  rip-rap,  but  this 
stone  is  worthless  for  most  purposes,  with  the  possible  exception 
of  filling  for  breakwater. 

The  brownstone  in  these  quarries  cannot  be  successfully 
worked  by  blasting,  on  account  of  the  readiness  with  which  it  is 
shattered  and  broken.  In  some  instances  quarrymen  have 
attempted  to  work  their  quarry  by  blasting,  but  more  stone  has 
been  destroyed  and  injured,  through  this  crude  method,  than 
would  furnish  profit  to  a  large  concern.  The  only  successful 
method  of  exploiting  this  stone  is  by  the  use  of  channeling  ma- 
chines and  wedging.  The  stone  should  be  cut  by  channelers,  in 
two  directions,  and  then  wedged  off  along  the  bedding  plane  ta 
the  desired  thickness.  The  channel  cuts  are  ordinarily  about 
eight  or  ten  feet  deep,  but  it  is  customary  in  removing  the  blocks 
to  make  them  two  or  three  feet  in  thickness  across  the  bed.  A 
number  of  the  quarries  are  equipped  with  sawing  machines,  by 
which  the  stone  can  be  cut  into  any  desired  dimensions.  Where 
a  quarry  is  provided  with  facilities  for  sawing,  the  stone  can  be 
much  more  readily  and  satisfactorily  graded  than  otherwise. 

Description  of  Individual  Quarries. 

BASS    ISLAND    BBOWNSTONB    CO. 

Historical. — The  Bass  Island  Brownstone  Quarry  is  located 
on  Sec  4,  T.  50  N.,  B.  8  E.^  at  the  south  end  of  Bass  Island,  one 
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of  the  Apostle  Islands,  at  the  head  of  Chequamegon  Bay.  This 
place  was  selected  in  1868,  by  Capt.  Sweet  and  other  prospeo- 
tors,  who  had  spent  some  fifteen  months  prospecting  along  the 
shore  of  the  bay  and  lake.  After  the  land  had  been  purchased^ 
the  necessary  buildings  were  erected,  docks  were  built,  and  ma- 
chinery placed  in  preparation  for  the  development  of  the  first 
brownstone  quarry  of  northern  Wisconsin. 

The  stone  for  the  first  building,  constructed  out  of  Lake  Su- 
perior brownstone,  in  Wisconsin,  was  taken  from  this  quarry. 
As  previously  stated,  that  building  was  the  Milwaukee  Court 
House,  the  erection  of  which  was  begun  in  1869.  The  difficul- 
ties, which  the  company  experienced  in  placing  the  stone  upon 
the  market,  have  been  rehearsed  at  the  beginning  of  this  chap- 
ter. In  order  to  meet  the  objections  of  parties,  touching  the 
safety  of  the  sandstone,  as  a  building  material  for  important 
structures,  samples  of  the  brownstone  were  sent  to  the  Smith- 
sonian Institution,  Washington,  D.  C,  and  were  there  analyzed 
and  thoroughly  tested.  The  report  of  the  Smithsonian  Institu- 
tion was  entirely  favorable  to  the  brown  sandstone,  as  a  build- 
ing material,  and  assisted  very  materially  in  the  development  )f 
the  industry  at  that  place. 

In  1871  Chicago  capitalists  became  interested  in  the  Bass 
Island  Quarry,  and  for  some  years  the  output  was  principally 
utilized  in  that  city ;  but  during  the  rebuilding  of  Chicago,  after 
the  memorable  fire  of  1871,  the  management  became  seriously 
involved.  Legal  difficulties  arose  affecting  portions  of  the 
title  to  the  quarry  realty,  machinery,  and  marine  adjuncts^ 
which  led  for  a  number  of  years  to  comparative  inaction.  About 
1879,  the  quarry  was  leased  by  a  new  firm,  and  the  output  for 
a  number  of  years  was  very  fair.  This  firm,  however,  operated 
large  limestone  quarries,  and  hence  had  no  special  interest  in  ex- 
ploiting sandstone  exclusively.  From  1885  to  1889  local  cir- 
cumstances connected  with  the  brownstone  interests  in  the 
Lake  Superior  region  created  some  business  uncertainty  and 
disquiet,  and  the  output  of  this  and  other  quarries,  of  younger 
growth,  was  materially  reduced. 

In  1891,  the  quarry  was  leased  to  the  Superior  Brownstone 
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Co.,  which  crave  its  name  to  the  output  of  the  quarry.  Until 
the  panic  in  jMay,  1803,  this  company  conducted  a  successful 
and  growing  business,  building  up  a  strong  and  healthful  repu- 
tation. The  alarming  depression,  incident  to  that  time,  in- 
duced the  entire  stone  interest  to  curtail  operations,  which  pol- 
icy has  continued  up  to  the  present  time.  During  the  last  few 
years  no  work  has  been  done  in  this  quarry,  except  in  stripping 
and  utilizing  the  surface  for  rubble  purposes.  This,  however, 
has  greatly  improved  the  condition  of  the  quarry. 

During  the  time  that  the  quarry  was  operated  by  the  Bass 
Island  Co.  the  output  was  transported  exclusively  by  water, 
railroads  being  unknown  at  that  time  in  this  section  of  the 
country.  The  company  o\med  two  vessels  by  which  the  trans- 
portation was  carried  on. 

The  quarry  and  equipment,  including  85  acres  of  land,  is  now 
owned  by  Mr.  Geo.  P.  Lee,  of  Chicago. 

Quarry  Observations. — The  quarry  consists  of  one  large  ir- 
regular opening  about  400  feet  long,  300  feet  wide  and  40  feet 
deep.  The  top  of  the  quarry  consists  of  from  3  to  4  feet  of 
clay  soil,  which  constitutes  the  maximum  dead  stripping.  The 
15  feet  inmiediately  underneath  this  is  rubble.  \Jp  to  the  pres- 
ent time  the  sale  of  this  rubble  for  pier,  breakwater,  and  other 
similar  purposes,  has  paid  for  its  removal.  The  bed  of  rubble 
is  followed  by  2  feet  of  soft,  worthless,  argillaceous  nuxterial. 
Below  this  is  a  bed  of  from  7  to  7  J  feet  of  mainly  Xo.  2  stone. 
This  bed  contains  very  few  clay  pockets,  and  nuich  of  the  stone 
might  be  sorted,  so  as  to  be  salable  as  Xo.  1.  Immediately  be- 
neath this  is  a  bed  of  from  8  to  10  feet  of  Xo.  1  stone,  from 
which  blocks  of  any  dimension  may  be  obtained.  The  upper 
part  of  the  bed,  in  some  parts  of  the  quarry,  is  cross  bedded,  and 
undesirable  for  building  purposes.  This  is  the  lowest  bed  in 
the  quarry,  but  the  sandstone  has  been  tested  by  means  of  drill 
holes  to  a  depth  of  20  feet  below  this  floor,  giving  evidence  that 
to  this  depth  the  stone  is  of  a  somewhat  inferior  quality.  Be- 
low this,  the  drill  passed  to  some  depth  through  clay  layers.  The 
clay  pockets  in  the  bed  of  Xo.  2  stone  are  generally  small,  but 
in  places  they  are  quite  abundant,  giving  the  rock  a  somewhat 
vesicular  appearance. 
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The  bed  of  Xo.  1  stone  is  exposed  for  about  250  feet,  and  is 
generally  uniform  throughout.  It  contains  an  occasional  clay 
pocket,  which  may  be  easily  avoided  in  cutting  and  dressing. 

In  different  parts  of  the  quarry  one  occasionally  finds  a  few 
very  small  pebbles  embedded  in  the  matrix  of  the  sandstone. 
The  pebbles  are  not  suificiently  large  to  be  deleterious  to  the 
stone,  and  are  of  such  infrequent  occurrence  as  to  be  scarcely 
worthy  of  serious  attention. 

It  is  somewhat  diilicult  by  an  examination  of  the  quarry  face, 
on  account  of  its  long  exposure  to  the  atmosphere,  to  determine 
how  much  of  the  stone  is  spotted  or  variegated  with  white,  but 
it  is  thought  from  the  general  a])poaraiicc  that  the  variegated 
stone  is  not  abundant. 

Gcjicnd  ( 'onsidrrafio)is. — 'J'lie  stone  has  been  used  largely  for 
buildings,  basements,  piers,  and  foundations.  Dimensions  of 
any  size  under  175  cubic  feet  can  be  ordinarily  quarried,  bux 
for  transportation  purposes  the  stone  is  usually  cut  into  blocks 
about  S  feet,  by  4  feet,  by  2  feet. 

The  markets  for  the  stone  have  been  mainlv  Wisconsin,  Minne- 
sota,  Illinois,  Indiana,  Iowa,  Nebraska,  Dakota,  and  Michigan. 
A  few  of  the  numerous  buildings  which  have  been  constructed 
out  of  this  stone  will  be  found  amon^  the  brownstone  buildings 
listed  at  the  close  of  this  chapter.  Aitention  may  well  be  called 
to  the  fact  that  the  stone  in  all  of  these  buildings  has  thus  far 
withstood  the  elements  without  anv  unwarranted  decav.  St. 
Paul's  church  in  Milwaukee  was  built  out  of  brownstone  from 
this  (juarry,  in  188^,.  TIk*  stone  luis  a  rock  face  finish,  with 
carved  door  frontals  and  tower  carvings.  The  fine  carved 
edges  remain  sharp  and  distinct,  and  unless  the  structure  be 
subjected  to  unnatural  treatment  it  is  apparently  good  for  gen- 
erations to  come.  This  might  be  said  of  many  other  structures 
which  have  been  built  out  of  the  brown  sandstone  from  this,  as 
well  as  other  quarries. 

Samples  of  stone  from  this  quarry  were  thoroughly  tested  in 
the  prejmration  of  this  rc^port.  The  results  are  given  in  the 
tables,  (.'hai)ter  VIII.  The  best  stone  was  found  to  be  equal  in 
strength  and  durability,  to  most  others  of  this  kind,  and  in  all 
respects  suitable  for  building  purposes. 
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Statistical  Data. 

Facilities  at  hand  for  quarrying:  2  engines,  3  channeiers,  3  steam  der- 
ricks, 1  hand  derrick. 

Cost  of  cutting  and  dressing  stone  per  square  foot:    Sawn,  $.20. 

Cost  of  transportation:  $.10  to  $.12}^  per  100  lbs.  by  rail;  $1.75  to  $2.25 
per  ton  by  water. 

Averaf^  value  of  each  grade  per  cubic  foot:    No.  1,  $  50;  No.  2,  $.iO. 

BBEGKENBIDOE    QUABBT. 

Historical. — About  a  quarter  of  a  mile  north  of  the  Bass 
Island  Brownstone  Co.'s  quarry  is  a  small  opening  known  as 
the  Breckenridge  quarry.  It  appears  that  Col.  Breckenridge, 
of  Kentucky,  was  one  of  the  joint  owners  of  a  tract  of  land  em- 
bracing most  of  Bass  Island.  The  Bass  Island  Brownstone  Co. 
bought  out  a  number  of  the  interested  parties,  and  then  leased 
the  south  end  of  the  island  anJ  opened  the  quarry  which  has 
just  been  described.  Through  legal  proceedings,  the  whole 
property  was  afterwards  divided  into  individual  interests,  and 
allotted  to  the  respective  partners.  Col.  Breckenridge's  allot- 
ment was  next  north  of  the  Bass  Island  quarry  property,  and 
showed  signs  of  brownstone.  In  1892  it  was  leased  for  the  pur- 
pose of  developing  a  quarry,  A  considerable  amount  of  stone 
was  blown  out  with  powder,  but  on  accoimt  of  lack  of  means 
to  supply  power  and  machinery,  the  work  was  abandoned  after 
two  or  three  shipments  of  the  broken  stone. 

Quarry  Observations. — The  soil  has  been  removed  along  the 
shore  for  a  distance  of  80  or  100  feet  north  of  the  quarry,  ex- 
posing a  very  good  ledge  of  stone.  The  face  of  the  quarry  is 
about  12  feet  deep,  and  extends  about  60  feet  i^orth  and  south. 
The  stripping  above  the  face  is  about  6  or  8  feet  thick,  but  this 
will  probably  increase  somewhat  as  the  quarry  is  worked  back. 

The  quarry  face  is  composed  of  two  beds,  both  of  which  are 
comparatively  free  from  white  spots.  The  upper  bed  is  about 
7  feet  thick,  and  the  lower  measures  from  4  to  6  feet.  A  few 
small  clay  pockets  were  observed  in  both  ledges.  They  occur 
in  bands  running  through  the  center  of  the  ledges,  injuring  the 
stone  less  than  if  they  were  scattered  promiscuously  through 
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the  beds.  Very  few  pebbles  were  observed  in  the  stone.  The 
color  is  very  uniform.  The  joints  strike  east  and  west,  and 
north  and  south,  as  in  the  previously  described  quarry. 

The  indications  are  very  favorable  at  "'Lis  locality,  the  stone 
ib  easily  accessible,  and  the  exposed  beds  are  largely  Ifo.  1  stone. 

ASHLAND    BROWNSTONE    COMPANY. 

The  quarry  of  the  Ashland  Brownstone  Co.  is  located  on  the 
south  shore  of  *'Presque  Isle"  island,  one  of  the  Apostle 
Islands,  about  8  or  10  miles  northeast  of  Bass  Island.  This 
island  is  one  of  the  largest  of  the  group  and  contains  an  abund- 
ance of  excellent  building  stone.  The  quarry  on  this  island 
was  opened  in  1889,  and  has  been  operated  continuously  each 
year,  until  operations  were  suspended  in  1897.  The  quarry  is 
now  leased  by  a  Michigan  company,  which  has  been  operating 
for  some  years  in  the  Portage  Entry  sandstone. 

Quarry  Observations. — The  company  controls  about  91  acres 
of  land  surrounding  the  two  openings,  from  which  a  major 
part  of  the  brownstone  has  been  quarried.  The  first  opening, 
which  is  adjacent  to  the  shore,  has  a  very  irregular  outline. 
The  main  face  of  this  opening  is  about  45  feet  deep,  and  consists 
of  12  benches.  Nearer  the  lake  the  quarry  has  been  developed 
about  28  feet  deeper,  making  in  all  19  benches,  with  a  total 
thickness  of  about  73  feet. 

The  upper  portion  of  the  quarry,  comprising  6  benches,  is 
considerablv  mottled  and  streaked  with  white.     T^^*^  lowest  12 

4/ 

feet  include  the  hardest  and  most  uniformly  textured  and 
colored  stone  in  the  quarry.  The  intervening  beds  are  mottled 
in  certain  parts  with  white  streaks  and  spots. 

The  upper  benches  contain  numerous  vesicles  caused  by  the 
weathering  out  of  small  clay  pockets.  The  lower  12  feet  con- 
tain only  occasional  large  pockets,  generally  occurring  near  the 
center  of  the  bed.  They  are  few  in  number,  and  do  not  inter- 
fere with  the  possibility  of  obtaining  excellent  Ifo.  1  dimension 
stone.  No.  1  stone  can  be  obtained  from  nearly  all  the  benches, 
but  the  different  qualities  of  stone  obtainable  from  different 
parts  of  the  same  bench,  shows  the  necessity  for  carefully  grad- 
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ing  the  output.  One  Ciinnot  point  out  any  individual  bed  that 
is  composed  entirely  of  Xo.  1  stone.  Certain  parts  of  the 
benches  are  No.  1  stone,  while  other  parts  grade  Xo.  2  or  No.  3. 
The  stri])ping  of  soil  is  very  light,  consisting  at  the  most  of  only 
2  or  3  feet. 

The  jointi.ig  and  diagonal  cracking  are  essentially  the  same 
as  observed  in  the  previously  described  quarries.  Interbedded 
shaly  layers  were  observed  in  one  or  two  ])iaces,  vrhich,  when  fol- 
lowed for  some  distance,  often  '^pinched  out/'  being  replaced  by 
good  stone. 

The  second  openi.ig  is  much  smaller  than  the  first,  and  is 
located  on  the  side  of  the  bluff  above  the  first  opening.  The 
covering  of  soil  is  light,  being  not  over  2  or  3  feet  thick.  This 
opening  is  about  255  ft.  long  by  105  ft.  wide,  and  somewhat 
irregular  in  shape.  The  excavation  comprises  four  benches  in 
the  deepest  part,  and  two  at  either  end.  The  stone  from  the 
upper  bench  is  mainly  rubble,  while  that  of  the  three  lower 
benches  is  largely  No.  1.  These  benches  are  composed  of  re- 
markably clear,  uniform  stone,  the  best  observed  in  either  open- 
ing. The  stone  from  these  benches  is  remarkably  free  from 
clay  pockets,  and  exhibits  but  few  white  streaks  or  spots. 

General  Considerations, — One  of  the  commendable  features 
of  the  quarry  is  its  freedom  from  accimaulations  of  rubble  and 
stripping,  which  in  many  quarries  interferes  with  easy  work- 
ing. The  company  is  well  equipped  with  modern  machinery 
for  quarrying,  and  is  prepared  to  furnish  stone  for  all  purposes 
for  which  brownstone  is  used,  including  basements,  piers,  break- 
water, and  building.  The  markets  are  the  same  as  those  of  the 
other  quarries.  The  important  buildings  which  have  been  con- 
structed out  of  stone  from  this  quarry  may  be  ascertained  by  re- 
ferring to  the  list  of  broA\Tistone  structures  appended  to  this 
chapter. 

The  stone  from  this  quarry  was  carefully  tested,  in  the  labor- 
atory of  the  University  of  Wisconsin,  in  preparation  for  this 
report.  The  results  of  these  various  tests  were  eminently  sat- 
isfactory, as  may  be  seen  by  referring  to  the  tables  in  Chap- 
ter VIII.     It  is  scarcely  necessary  to  repeat  that  the  strength 
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of  the  stone  is  siifrleient  for  all  constructional  purposes,  and  that 
it  is  probably  not  surpassed  in  durability  by  any  brownstone 
used  in  this  or  neiirhborini::  states. 

Statistical   Data. 

Amount  of  capital  invested:     $110,000.00. 

Facilities  at  hand  for  quarrying:    3  75-hp.  enfjines,  4  channelers,  5  steam 
derricks,  2  steam  drills. 
Average  number  of  employees:     75  when  running. 
Wages  paid  different  cla^ises  of  employees:    $1.50  to  $3.50. 
Cost  of  cutting  and  dressing  stone  per  cubic  foot:     Sawn,  $.25. 
Cost  of  transportation:     By  rail,  Chicago,  6.10  per  hundred;  by  water, 
Chicago,  $2.00  per  ton. 

Average  value  of  each  grade  per  cubic  foot:     No.  1,  $.50;  No.  2,  $.40;  No. 
3,  $.30;  ton,  $2.50. 

Shipment  for  the  past  five  years: 

1892 200,000  feet. 

1S93 175,000  feet. 

1894 230,000  feet. 

1895 285,000  feet. 

1890 240,000  feet. 

EXCELSIOR  BROWNSTONE  CO. 

Historical. — The  Excelsior  Brownstone  quarry  is  located  on 
the  southeast  }  of  Sec.  18,  T.  51,  R  3  W.,  on  Wilson  Island,  one 
of  the  group  of  Apostle  Islands,  between  Bass  Island  and 
Presque  Isle.  The  quarry  was  first  owned  and  operated  by 
Frederick  Prentice,  of  the  Prentice  BroAvnstone  Co.,  who  pur- 
chased the  land  some  time  in  1857.  In  August  of  1890,  E.  E. 
Davis,  of  Ashland,  began  the  work  of  prospecting  for  the  loca- 
tion of  the  quarry,  and  on  the  2nd  of  May,  1891,  the  quarry  was 
set  in  operation.  Tho  first  cargo,  consisting  of  7,000  cu.  ft., 
left  for  Buff'alo,  JsT.  Y.,  on  the  17th  of  June  of  the  same  year. 
In  1892,  Mr.  Prentice  formed  a  stock  company  under  the 
name  of  the  Excelsior  BrowTistone  Co.,  which  has  since  owned 
and  operated  the  quarry.  Owing  to  financial  difficulties,  the 
quarry  was  not  operated  in  1897-98.  Up  to  1897,  the  average 
annual  output  was  about  220,000  cu.  ft.,  witli  the  exception  of 
1896,  when  it  fell  to  100,000  cu.  ft. 
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Quarry  Observations. — The  quarry  on  this  island  is  located 
immediately  adjacent  to  the  shore,  and  consists  of  two  opemngs. 
The  sandstone  outcrops  along  the  shore,  on  either  side  of  the 
quarry,  exposing  several  beds  having  a  thickness  of  10  ft  or 
more.  The  opening  farthest  south  is  irregular  in  shape,  having 
a  face  180  feet  long  with  a  maximum  thickness  of  about  20  ft 
This  is  the  smaller  opening,  and  consists  of  four  benches,  the  up- 
per one  of  which  is  4  to  8  ft.  deep,  while  the  other  three  are  each 
4  ft.  deep.  The  stripping  is  very  light,  being  not  over  4  ft 
thick,  with  the  probability  that  it  will  not  increase  for  a  consid- 
erable distance  back  from  the  face.  The  jointing  and  irregular 
cracking  of  the  face  are  essentially  the  same  as  that  observed  in 
the  quarries  on  the  n^ghboring  islands. 

The  color  of  the  sandstone  is  a  shade  or  two  lighter  brown 
than  that  obtained  from  the  other  quarries  of  this  area.  Occa- 
sional light  colored  spots  occur  on  the  face  of  the  quarry,  indi- 
cating that  the  stone  is  mottled,  in  places,  with  white.  That 
these  are  not  abundant  is  shown  by  the  large  blocks,  free  from 
white  spots,  which  have  been  quarried  and  left  near  the  opening. 

The  most  unfortimate  feature  of  these  beds  is  the  occurrence 
of  numerous  small  clay  pockets.  There  is  essentially  no  dif- 
ference between  the  different  benches  in  this  respect.  None  of 
the  exposed  beds  of  this  quarry  can  be  classed  entirely  as  No.  1, 
although  it  is  possible  here,  as  elsewhere,  to  obtain  by  careful 
selection,  a  limited  amount  of  No.  1  stone.  Pebbles  are  of  in- 
frequent occurrence,  and  occur  mainly  along  the  natural  beds. 

The  second  opening,  which  is  a  few  rods  north  of  the  first 
one,  is  much  the  larger  of  the  two,  but  the  character  of  the  stone 
in  the  different  benches  does  not  differ  materially  from  those  of 
the  first  opening.  Operations  have  extended  to  a  depth  of 
about  32  feet,  but  the  character  of  the  stone  in  the  lower  benches 
is  not  materially  different  from  that  which  is  obtained  from 
those  higher  up. 

General  Considerations. — The  amount  of  stone  which  is  ac- 
cessible in  this  quarry  is  unlimited,  as  it  is  at  the  other  brown- 
fitone  quarries  described  in  this  report.  The  company  is  well 
equipped  with  machinery  for  quarrying,  and  each  of  the  open- 
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ings  is  provided  with  a  good  pier,  built  of  logs  and  stone.  About 
$160,000.00  have  been  invested  in  the  development  of  this 
•quarry.  The  different  states  and  principal  cities  in  v^hich  the 
stone  has  been  used  are  given  in  connection  with  the  list  of 
brownstone  buildings,  at  the  end  of  this  chapter. 

Statistical   Data. 

Facilities  for  quarrying:    1  25-H.  P.  engine,  3  ehannelers,  4  steam  der- 
ricks, tug,  and  scow. 
Average  number  of  employees:    None  at  present. 
Average  value  of  each  grade  per  cubic  foot:    No.  1,  $.50,  No.  2,  $.30. 

THE   WASHBURN   STONE   CO. 

The  Washburn  Stone  Co.  is  located  about  15  miles  north  of 
Ashland,  at  Houghton,  between  the  cities  of  Washburn  and 
Bayfield.  The  quarry  was  opened  in  the  spring  of  1885  by 
Babcock  &  Smith,  who  are  the  present  owners.  The  quarry 
has  been  operated  from  April  1st  to  !tfovember  1st  of  each  year, 
since  it  was  opened. 

Quarry  Observations. — The  company  controls  72  acres  of 
land,  on  which  two  openings  have  been  made.  The  larger  one 
is  375  ft.  long,  150  ft.  wide  at  the  surface,  and  65  to  70  ft.  deep. 
At  the  bottom  of  the  quarry,  the  lateral  dimensions  are  about 
69  ft.  by  311  ft.  This  opening  was  worked  continuously  for 
11  years,  furnishing  an  enormous  amount  of  stone  for  a  variety 
of  purposes.  It  was  abandoned  on  account  of  the  flooded  con- 
dition of  the  quarry,  which  required  the  running  of  a  pump 
night  and  day,  to  keep  it  in  condition  for  working.  The  oper- 
ations were  also  hampered  by  the  occurrence  of  a  bed,  contain- 
ing a  great  many  pebbles.  The  smaller  opening,  which  is  the 
•one  now  being  operated,  is  100  ft.  long  and  75  ft.  wide,  with  an 
average  depth  of  17  ft.     (See  Plate  XXIV.,  Fig.  3.) 

The  color  of  the  stone  from  this  quarry  is  ordinarily  brown, 
or  reddish  brown,  although  that  which  is  quarried  from  certain 
beds  has  a  bluish  tone.  The  stone  taken  from  the  upper  17  ft. 
of  the  quarry  is  mainly  stripping  and  ton  stone.  Very  little 
No.  1  block  has  been  quarried  at  this  depth.       The  beds  are 
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slightly  iiiottled  with  white  spots  and  streaks,  whicli,  as  a  rule, 
arc  not  of  sufficient  size  to  lessen  materially  the  vahie  of  the 
stone. 

Jointing  and  irregular  cracking  occur  in  this  quarry,  as 
noted  in  connection  with  the  previously  described  quarries. 
The  stone  is  remarkably  free  from  pebbles  and  clay  pockets. 
The  stripping  of  broken  ston(^  is  heavy,  but  pays  for  itself, 
through  i\  contract  whicli  the  firm  has  to  furnish  stone  for  a 
large  number  of  bridge  abutments  and  pier-,  for  the  Chicago, 
St.  Paul,  Minneapolis  &  Omaha  railroad. 

General  Considerations. — The  stone  has  been  used  quite  ex- 
tensively in  buildin«2rs  throuirhout  the  states  of  Wisconsin,  Min- 
nesota,  Illinois,  and  Iowa.  A  number  of  the  more  important 
buildings,  constructed  out  of  the  stone  from  this  quarry,  wall 
be  found  in  the  list  given  at  the  close  of  this  chapter.  Besides 
being  used  in  buildin<rs,  the  stone  is  u«ed  quite  extensively  i» 
the  const ructi«">n  of  bridire  abutment.-^  and  culverts.  Some  vears 
ago  Babcock  ^Sc  Smith  induced  the  C,  St.  P.,  il.  &  O.  B.  B.  to 
test  the  stone  from  their  quarry  in  one  of  the  bridges  along 
their  line.  The  stone  was  quarried  in  ])ecember  and  placed  in 
the  stone  w^ork  of  the  bridge  without  being  seasoned.  The  stone 
was  placed  in  the  bridge  under  the  most  unfavorable  conditions, 
yet  the  solidity  of  the  masonry  has  not  been  in  the  least  affect- 
ed thereby.  The  railroad  company  considers  this  bridge  one  of 
the  best  and  most  durable  on  their  line.  The  masonry  used 
in  the  railroad  company's  bridges  and  culverts  is  now  almost 
exclusively  constructed  out  of  this  stone. 

The  strength  and  durability  of  the  stone,  as  tested  in  the 
laboratory  of  the  University  of  Wisconsin,  in  preparation  for 
this  repoi'l,  will  be  found  by  referrini!;  to  the  tables  in  Chapter 
VIII.  Tlies'>  rests  show  that  the-  .^toue  is  in  all  respects  suitable 
for  the  ]>ur]Kwes  for  which  the  quarry  is  ])!'eparod  to  furnish 
stone.  The  facilities  at  hand  for  quarrying,  the  rates  of  trans- 
portation, and  other  items  Vvltli  refovt  iice  to  this  quarry  are 
given  in  the  following  statistical  data. 
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Statistical  Data, 

Facilities  at  hand    for  qnarryinj?:      1  3-hp.  hoisting    engine,   1  pump 
boiler,  3  channelers,  2  steam  derricks,  2  hand  derricks,  1  steam  drill. 

Average  number  of  employees:     30  to  .'>5. 

Wages  paid  different  classes  of  empl4)yees:     Channelers,  §2.00:  hoisters, 
$1.75. 

Cost  of  transportation:     By  rail,  per  100. 

St.  Paul  and  Minneapolis $.07 

Chicago  and  Milwaukee 10 

Sioux  City 11 

Omaha 15 

Des  Moines 16 

Dubuque IS^.^ 

Average  value  of  each  grade  per  cubic  foot: 

No.  1,  mill SAO        Ton  stone,  No.  1 $2.25  j)er  ton 

No.  2,  mill 30         Ton  stone,  No,  2,  81.75-$2.00  per  ton 

Shipment  for  the  past  five  years: 


1802. 


Blocks  

Sawed 

Ton   

Rubble  and  bridge 


$11,250 
1, 100 
1,350 
1,950 


ei5,C50 


§7,350 
1,000 
2,500 
1,425 


$2, 920 
5, 8401 
1,030! 
1,050 


$2,950 

775 

1,250 

l,b70 


$2,500 

500 

1,160 

2,150 


L.' 


IIARTLKV     BROTHERS     QUARRY. 

Historical. — The  quarry  owned  by  Hartley  Bros,  is  located 
north  of  the  Washburn  Stone  Co.'s  quarry  at  Houghton.  The 
first  opening  was  made  in  1885,  but  the  stone  from  this  opening 
did  not  prove  satisfactory,  and  a  second  opening  was  made  in 
1887.  In  181)0,  the  company  purchased  a  section  of  land  from 
Babcock  &  Smith,  which  adjoins  the  latter  company's  quarry, 
and  made  a  third  opening.  Up  to  1896,  the  quarry  was  oper- 
ated continuously,  but  in  that  year  operations  were  continued 
only  two  months,  and  in  1897  the  quarry  was  idle. 

Quarry  Observations. — Only  one  of  the  openings  of  this 
quarry  was  examined.  This  was  the  last  one  operated.  The 
excavation  is  about  7.0  ft.  long  by  40  ft.  wide.     The  depth  could 
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not  be  ascertained  on  account  of  the  water^  which  at  that  time- 
ahnost  filled  the  quarry.  At  the  top  there  is  a  stripping  of 
about  8  or  10  ft.  of  soil.  The  two  benches  exposed  immediateljr 
underneath  this  are  broken  by  irregular^  diagonal  joints,  cor- 
responding very  nearly  with  the  upper  benches  of  Baboock  & 
Smith's  new  opening. 

An  examination  of  a  large  number  of  scabble  blocks  taken 
from  this  quarry  and  piled  up  in  the  yard,  shows  that  in  places 
the  stone  is  streaked  with  white,  and  contains  occasional  small 
white  spots,  which,  however,  are  not  suflSciently  abundant  to 
injure  any  large  part  of  the  stone.  The  texture  is  compara- 
tively uniform.  Small  pebbles  are  irregularly  distributed 
through  certain  blocks,  but  they  do  not  materially  affect  the 
value  of  the  stone.  Cross  bedding,  which  is  characteristic  of 
certain  parts  of  nearly  all  of  the  quarries,  occurs^in  certain  of 
the  blocks  taken  apparently  from  the  upper  courses  in  the 
quarry. 

No  statistical  data  of  this  quarry  was  obtainable,  except  what 
could  be  had  by  observation.  It  is  thought  that  by  proper  hand- 
ling and  grading  a  large  amount  of  good  stone  might  be  ob- 
tained from  this  property. 

PRENTICE  BROWNSTONE  CO. 

Historical. — The  Prentice  Brcwnstone  Co.'s  quarries  are  lo- 
cated at  Houghton,  a  short  distance  south  of  the  Washburn  quar- 
ries. The  property  on  which  the  quarries  are  located  was  selected 
for  brownstone  by  Mr.  Prentice,  in  1857.  Mr.  Prentice  was  fa- 
miliar with  the  shelly  character  of  the  Connecticut  brownstone, 
which  was  so  largely  used  for  buildings  in  Kew  York  City  and 
elsewhere.  Appreciating  the  value  of  a  brownstone,  similar 
to  that  which  he  found  in  this  section  of  the  state,  he  concluded 
that  if  the  stone  could  once  be  known,  there  would  be  a  large 
demand  for  it,  at  the  highest  prices  paid  for  brownstone.  Ac- 
cordingly in  1887,  the  Prentice  Brownstone  Co.  was  organized 
and  incorporated  under  the  laws  of  the  state  of  Wisconsin,  with 
a  paid  up  capital  of  $1,250,000.  During  the  same  year  the  first 
opening  was  made.    The  company  conducted  an  enormous  buai- 
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ness,  until  the  financial  depression  of  a  few  years  ago,  when  it 
was  forced  into  the  hands  of  a  receiver.  The  receiver,  Mr. 
George  N.  Wiswell,  is  now  operating  the  quarry  on  behalf  of  the 
creditors. 

Quarry  Observations. — Since  operations  were  first  begun  the 
company  has  made  four  different  openings.  The  first  is  about 
160  ft.  long,  100  ft.  wide,  and  25  ft.  deep.  The  second  is  about 
250  ft.  long,  150  ft.  wide,  and  80  ft.  deep.  The  third  is  150 
ft.  long,  150  ft.  wide,  and  20  ft.  deep.  The  fourth  is  450  ft. 
long,  100  ft.  wide,  and  25  ft.  deep.  These  openings  are  sur- 
rounded by  140  acres  of  land,  all  of  which  is  controlled  by  the 
company. 

At  the  time  the  quarry  was  inspected,  in  July  of  1897,  very 
little  quarrying  was  being  done.  The  largest  opening  was 
partly  filled  with  water,  and  the  character  of  the  stone  could 
only  be  determined  from  an  examination  of  large  scabble  blocks, 
which  were  piled  up  in  the  yard.  Two  of  the  other  openings 
were  examined,  and  the  stone  was  found  to  be  very  similar  to 
that  taken  from  the  adjacent  quarries.  The  largest  opening 
consists  of  13  benches.  Below  the  sixth  bench,  at  a  depth  of 
about  24  feet,  there  is  a  thickness  of  about  11  feet  of  No.  1  stone, 
from  which  the  Prentice  monolith,  which  was  to  have  been 
erected  at  the  World's  Columbian  Exposition,  was  cut.  Below 
this  there  are  about  8  feet  of  what  has  been  classed  as  No.  2  stone. 
Below  the  No.  2  stone  is  a  bed  of  blue  tinted  stone,  from  5  to  6 
feet  thick,  graded  as  No.  1.  The  remaining  two  or  three  benches 
are  classed  as  No.  2  stone. 

The  other  openings  have  not  been  developed  to  this  depth,  but 
as  far  as  operations  have  extended,  the  stone  is  very  similar  to 
that  of  the  first  opening.  The  stone  from  all  the  openings  is 
somewhat  mottled,  and  contains  occasional  day  pockets  and 
pebbles.  The  clay  pockets  are  least  abundant  in  the  stone  from 
the  largest  opening,  and,  with  a  little  care,  could  be  largely 
avoided.  The  beds  are  in  some  instances  interlaminated  with 
thin  seams  of  clay.  Black  streaks  occasionally  occur  in  the 
rock,  but  they  are  not  so  conspicuous  as  to  detract  very  materi- 
ally from  its  value.     Nevertheless  wherever  they  become  very 
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pronounced,  they  are    indicative    of    weakness,  and  should  be 
avoided. 

General  Considerations, — The  stone  from  these  openings 
should  be  carefully  graded  before  being  placed  upon  the  market. 
Xo.  1  stone,  which  is  quarried  in  large  blocks,  such  as  were  ob- 
served in  the  yard,  should  be  cut  up  into  snuiller  dimensions  and 
graded  before  being  sold.  The  large  scabble  blocks  frequently 
consist  of  iirst,  second,  and  third  grade  stone,  but  unfortunately 
they  are  not  sold  as  mixed  stone,  but  either  as  all  Xo.  1,  or  all 
Xo.  2. 

The  Prentice  Brownstone  Company  has  furnished  an  enor- 
mous amount  of  stone  for  buildings  in  the  eastern,  western,  and 
southern  states.  In  ISOl  the  output  of  the  Prentice  quarries 
aggregated  050,000  cu.  ft.  !Many  important  buildings  in  the 
larger  cities  of  the  east  and  west  have  been  constructed  out  of 
this  stone.  A  partial  list  of  these  buildings  and  the  date  of 
their  construction  will  be  found  at  the  close  of  this  chapter. 

The  strength  and  durability  of  the  brownstone  from  the 
Prentice  quarry  is  shown  in  the  tables  given  in  Chapter  VIII. 
After  submitting  the  stone  to  a  careful  series  of  tests  the  conclu- 
sion reached  is  the  same  as  that  reached  in  the  case  of  the  stone 
from  the  other  brownstone  quarries.  The  Xo.  1  stone  is  in  all  re- 
spects suitable  for  building  or  other    constructional  purposes. 

The  enonnous  size  of  the  blocks,  which  can  be  taken  from 
these  quarries,  is  well  illustrated  by  the  obelisk  which  v.*as  pre- 
pared for  the  World's  Fair  in  ISUi^,  but  which  unfortunately 
never  left  the  quarry.  This  monolith  of  sandstone  was  about 
110  feet  in  hei!;ht;  the  base  was  about  10  feet  square,  ta])ering 
to  21  to  ?)  feci  at  the  top.  This  obelisk  was  ])resented  to  the 
World's  Fair  managers  by  [Mr.  Prentice,  but  owing  to  the  appar- 
ently unsurmountable  difficidties  in  transportation,  the  stone 
was  never  taken  from  the  quarry.  It  contains  some  of  the  very 
best  stone  which  the  quarry  produces,  and  is  now  being  cut  up 
and  used  for  building  purposes. 

The  quarry  is  well  equipped  with  modern  machinerv,  piers, 
and  tracks,  as  indicated  by  the  following  data. 
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Statistical  Data. 

Amount  of  capital  iDvested:    $1,250,000.00. 

Facilities  at  hand  for  quarrying:  l;45-hp.,  3  25-hp.,  and  1 12-hp.  engine, 
8  channelers,  4  gang  saws,  11  steam  derricks,  2  hand  derricks,  1  core  drill, 
6  steam  boilers,  machine  shop. 

Average  number  of  employees:    At  present  only  12. 

Wages  paid  different  classes  of  employees:    $1.50  to  $3.00. 

Cost  of  transi)ortation:  By  rail,  $.07  to  $.50  per  cubic  foot.  About  ^ 
leas  when  by  water. 

Average  value  of  each  grade  per  cubic  foot:  No.  1,  $.50;  No.  2,  $.30; 
No.  3,  $.12. 

Shipments  for  the  past  five  years: 

1882 No.  1.... 40, 000       No.  2 . . . .  100, 000       No.3....  75,000 

1883 No.  1.... 37,000        No.2....  60,000       No.?  ...  70,000 

1894 No.  1.... 20, 000       No.2....  40,000       No.  3....  100, 000 

1885.* No.  1....  7,000        No.2....     4,000       No.  3....  10,000 

1896 No.  1....  8,000       No.2....     6,000       No.  3....  35,000 

pike's  quabbt. 

The  quarry  owned  by  Capt.  E.  D.  Pike  is  located  on  Van 
Tassell's  Point,  about  3^  miles  south  of  Bayfield.  This  quarry 
was  opened  by  Capt.  Pike  about  1888,  and  has  been  operated 
more  or  less  each  year  up  to  1897. 

Quarry  Observations. — Three  openings  have  been  made. 
One  of  these  openings  is  immediately  adjacent  to  the  lake  shore, 
where  there  is  an  almost  vertical  exposure  of  about  30  ft.  With 
the  exception  of  a  single  bed  about  8  ft.  thick,  near  the  top,  the 
stone  at  this  place  is  soft  and  shaly.  Many  tons  of  stone  have 
been  quarried  from  this  opening  and  used  for  pier  and  break- 
water constructions.  Some  dimension  stone  might  be  quarried 
from  the  bed  near  the  surface,  but  as  a  whole  it  is  little  suited 
for  constructional  purposes. 

The  other  two  openings  have  been  made  through  beds,  which 
are  stratigraphically  above  those  of  the  lake  shore  opening. 
The  larger  opening  is  immediately  west  of  the  station,  and  ad- 
jacent to  the  railroad.  Its  shape  is  irregular,  as  shown  in  Plate 
XXIV.,  Figure  2.  The  opening  is  about  80  ft  long  by  as  many 
wide,  and  from  50  to  60  ft.  deep.  The  best  stone  is  taken  from 
13 
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the  five  lower  benches,  with  an  aggregate  thickness  of  about  18 
ft.  Above  this  there  are  15  ft.  of  No.  2  stone,  which,  in  turn,  is 
overlain  with  5  or  6  ft.  of  shale.  Above  the  shale  there  is  ex- 
posed from  10  to  25  ft.  of  rubble  and  stripping.  Of  the  18  ft. 
of  No.  1  stone  at  the  bottom  of  the  quarry,  only  the  upper  10  ft. 
were  exposed.  The  stone  from  these  benches  is  remarkably  free 
from  clay  pockets,  only  two  or  three  being  observed  throughout 
the  entire  length  of  the  quarry.  In  the  15  ft.  of  No.  2  stone, 
clay  pockets  are  more  abundant,  giving  the  rock  in  certain  parts 
a  vesicular  appearance,  where  the  clay  has  fallen  out.  The 
upper  courses,  comprising  from  10  to  30  ft.  of  stone,  are  suitable 
only  for  pier  or  foundation  work. 

The  extent  to  which  the  stone  in  this  opening  is  variegated, 
is  uncertain,  on  accoimt  of  the  wash  from  above,  which  has 
given  the  quarry  face  a  fairly  uniform  reddish  brown  color. 
An  occasional  black  streak,  similar  to  what  has  been  noted  in 
the  stone  from  the  previously  described  quarry,  was  observed. 
The  stone  which  came  under  my  observation  was  essentially  free 
from  pebbles. 

The  third  opening  is  much  smaller  than  the  two  just  de- 
scribed, and  is  situated  farther  up  the  hill  and  north  of  the  last. 
The  stone  is  quarried  from  beds  stratigraphically  above  those  of 
the  last  opening.  At  a  depth  of  from  4  to  6  ft.,  stone  of  ex- 
cellent quality  has  been  quarried.  Below  the  first  bench,  the 
stone  is  even  textured  and  practically  free  from  clay  pockets. 
A  few  agate  pebbles  are  scattered  promiscuously  through  the 
beds,  but  are  so  firmly  cemented  in  the  matrix,  that  they  are 
not  injurious.  The  sandstone  is  mottled  with  an  occasional 
broad  patch  of  white,  which  can  only  be  avoided  by  proper  cut- 
ting and  dressing. 

Oeneral  Considerations, — The  position  of  this  opening  is 
such  as  to  suggest  that  it  could  be  extended  in  any  direction  for 
a  very  considerable  distance  without  encountering  heavy  strip- 
ping. This  is  always  a  decided  advantage  in  the  working  of 
a  quarry,  and  ought  to  command  the  attention  of  the  operator. 

The  stone  from  Pike's  quarry  has  been  used  in  many  build- 
ings throughout  the  northwest,  and   is   suited,  when  properly 


A 

^v 

„Jwm 

3l 

^^ 

SOUTH  8H0RE  AREA.  I95 

:grade(i,  to  all  purposes  for  which  brown  sandstone  is  used.  The 
<juarry  is  equipped  with  all  necessary  machinery,  including 
<5hannelers,  derricks,  and  engines. 

The  stone  was  thoroughly  tested  in  the  Survey  laboratory,  in 
the  preparation  of  this  report.  The  results  are  given  in  the 
tables  in  Chapter  VIII.,  to  which  the  reader  is  referred.  The 
fitone  is  equal  in  strength  and  durability  to  that  which  has  been 
tested  from  other  brownstone  quarries  of  this  area. 

THE  SOUTH  SHORE  ABEA. 

That  portion  of  the  Lake  Superior  brownstone  region  extend* 
ing  east  from  the  northwestern  corner  of  Douglas  county,  along 
the  south  shore  of  Lake  Superior  as  far  as  Bange  6,  has  been 
designated  the  South  Shore  Area.  This  sandstone  belt  varies 
in  width  from  4  to  10  miles.  Development  began  almost  con- 
temporaneously  with  the  opening  of  the  first  brownstone  quarry 
in  the  Chequamegon  area  but  later  developments  have  not  been 
«o  extensive,  on  accoimt  of  the  lack  of  transportation  facilities. 
The  first  quarry  was  opened  at  Fond  du  Lac,  Douglas  county,  in 
1869,  by  Mr.  Ingalls.  Since  the  opening  of  this  quarry,  a 
number  of  other  firms  have  operated,  at  various  places  along  the 
lake  shore,  in  this  area,  until  up  to  the  present  time  quarries 
have  been  opened  and  operated  at  six  different  places. 

Q uarry   0 bse rvations. 

The  brownstone  from  this  area  corresponds  very  closely  in 
<;olor  and  texture  to  that  which  is  quarried  in  the  Chequamegon 
area.  The  range  of  brown  tints  is  probably  somewhat  wider 
than  those  in  the  Chequamegon  stone.  Certain  beds  have  a 
<lecided  bluish  tone,  while  in  others  the  color  is  a  cheerful  red. 
(See  Plate  XXXIV.) 

The  natural  outcrops  indicate  that  the  stone  disintegrates  very 
slowly,  and  that  the  color  is  permanent.  In  many  places  the 
stone  is  covered  with  lichens,  giving  some  indication  of  its  dur- 
ability. The  texture  of  the  rock  is  essentially  the  same  as  that 
which  has  been  described  in  connection  with  the  Chequamegon 
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area.  In  certain  of  the  quarries  it  exhibits  the  same  inperf ee- 
tions  that  the  stone  from  the  previously  described  area  does.  The 
stone  in  certain  of  the  quarries  is  affected  more  or  less  with  clay 
pockets,  but  they  are  apparently  less  abundant  here  than  in  tho 
Ohequamegon  quarries.  In  many  of  the  openings,  the  stone  is 
partly  streaked  or  spotted  with  white,  but  in  uniformity  of  color 
the  stone  compares  very  favorably  with  that  of  the  previously 
described  area.  Pebbly  layers  may  be  observed  in  these  quar- 
ries, as  in  the  quarries  of  the  Chequamegon  area.  Certain  of 
the  beds  show  the  cross  bedding,  so  common  to  nearly  all  sand- 
stone. 

The  jointing  planes  in  the  sandstone  are  not  sufficiently  close 
or  regular  to  be  either  useful  or  especially  harmful  in  quarry- 
ing. The  main  joints  strike  N.  55°  W.,  and  about  north  and 
south.     Stone  of  any  desired  dimensions  can  be  quarried. 

Laboratory  Examination. 

The  Dressed  Sample. — The  samples^  which  are  displayed  iQ 
the  laboratory  of  the  Survey,  are  excellent  examples  of  the  fine 
hammered  work,  which  the  stone  is  capable  of  taking.  (See 
Plate  LVIII. )  Probably  no  sandstone  takes  a  better  rock  face 
or  hammer  dressed  fijiish  than  do<  s  the  brownstone  from  this  or 
the  Chequamegon  area. 

Microscopical  Examination. — The  microscopical  examina- 
tion of  thin  sections  of  the  sandstone  from  this  area,  show  that 
the  individual  grains  are  somewhat  better  rounded  than  those 
of  the  sandstone  from  the  Chequamegon  area.  As  would  nat- 
urally be  supposed,  the  grains  of  sand,  in  the  different  sections 
examined,  differ  considerably  in  size,  but  in  general,  they  cor- 
respond quite  closely  with  those  of  the  Chequamegon  sandstone^ 
(See  Plates  LXIV.  and  LXV.) 

The  sandstone  consists  essentially  of  rounded  or  sub-angular 
grains  of  quartz,  mingled  with  which  is  an  occasional  feldspar 
individual,  and  a  very  small  amount  of  clay.  Some  of  the 
quartz  individuals  have  been  enlarged,  and  the  grains  are  gen- 
erally firmly  bound  together  by  a  siliceous  cement.  Each  of 
the  individuals  is  coated  with  a  thin  film  of  reddish  brown  iron 
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oxide.  Small  irregular  areas  of  magnetite  occasionally  occur  in 
the  midst  of  the  hematite,  suggesting  that  the  latter  may,  in 
some  instances,  be  an  alteration  product  of  the  former. 

The  microscopical  examination  shows  the  rock  to  be  essen- 
tially the  same  as  the  sandstone  from  the  Chequamegon  area. 
The  large  percentage  of  quartz,  the  relatively  small  an^ount  of 
argillaceous  material,  and  the  siliceous  cement  all  point  to  the 
relative  stability  of  the  rock. 

Chemical  Analysis. — The  following  chemical  analysis  of 
the  sandstone  from  the  Port  Wing  Quarries,  by  Prof.  W.  W. 
Daniells,  shows  that  the  rock  is  essentially  free  from  those  ele- 
ments which  result  in  rapid  disintegration. 

9i     O, 89.33 

Al,  O, 6.05 

Fe>  O, 1.41 

Ca   O trace 

Mg  O trace 

K,    0 2.12 

Na,  O 0.59 

99.50 

Physical  Tests. — The  result  of  the  physical  tests  as  conducted 
in  the  preparation  of  this  report  are  given  in  the  tables  in  Part 
IL,  Chapter  VIII.  The  average  specific  gravity  of  the  sand- 
stone from  this  area  corresponds  very  closely  with  the  result  ob- 
tained for  the  sandstone  of  the  Chequamegon  area,  being  2.629. 
The  porosity  of  the  sandstone  averages  18.42  per  cent.,  which 
also  corresponds,  quite  closely,  with  the  porosity  of  the  sandstone 
of  the  previously  described  area.  The  ratio  of  absorption  is 
8.568  percent.,  which  is  a  little  less  than  the  percentage  obtained 
for  the  samples  from  the  Chequamegon  area.  It  will  be  noticed 
by  examining  the  tables  that  the  lower  average  porosity  and  the 
lower  average  ratio  of  absorption  is  due  mainly  to  the  two  sam- 
ples from  the  Duluth  Brownstone  Co.'s  quarry,  in  which  the  po- 
rosity runs  about  10  per  cent,  lower  than  in  any  of  the  other 
samples  of  brownstone  tested. 

The  crushing  strength  of  the  stone  from  this  area  is  given  in 
Chapter  VIII.,  Table  II.     The  average  result  of  eight  tests  gave 
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a  crushing  strength  of  5,272  lbs.  per  sq.  in.,  which  corresponds 
very  nearly  with  the  tests  made  on  samples  from  the  other 
brownstone  area.  The  transverse  strength  tests  are  given  in 
Table  III.,  of  the  same  chapter,  and  show  an  average  strength  of 
444.9  lbs.  per  sq.  in.  This  average  is  lower  than  the  same  tests 
of  the  samples  from  the  other  sandstone  area,  but  is  still  close  to 
the  mean  modulus  of  rupture  of  ordinary  sandstone. 

Samples  from  this  area  were  subjected  to  freezing  and  thaw- 
ing, with  the  results  indicated  in  Chap.  VIII.,  Tables  VI.  and 
VII.  It  will  be  noted  that  the  average  loss  of  weight  after  35 
days'  exposure,  on  six  samples,  weighing  about  300  grams,  was 
only  .44  of  a  gram.  The  loss  in  strength  due  to  alternate  freez- 
ing and  thawing  averaged  18  lbs.  per  sq.  in.  The  samples  from 
one  quarry  tested  912  lbs.  per  sq.  in.  higher,  and  those  from  the 
other  quarry  were  930  lbs.  per  sq.  in.  lower. 

The  result  of  extreme  heat  on  the  sandstone  samples  from  this 
area  indicates,  with  one  exception,  that  at  a  temperature  of 
1,200^  to  1,500^  F.  the  strength  of  the  stone  is  essentially  gone. 
The  brown  sandstone  from  the  Duluth  Brownstone  Co.'s  quarry 
is  apparently  an  exception  to  this  rule.  To  all  appearances,  the 
sample  from  this  quarry  was  little  injured  after  it  had  been 
heated  to  a  temperature  of  1,400°  to  1,500°  F.  In  no  case  were 
the  samples  fractured,  but  when  cooled,  most  of  them  were  found 
to  be  so  weakened  that  they  could  be  crumbled  between  the 
fingers.  When  scratched,  the  cubes  that  were  heated  emitted  a 
rasping  sound,  similar  to  that  emitted  by  a  brick  when  it  is 
scratched. 

General  Considerations. 

The  results  of  the  laboratory  tests  bring  us  to  essentially  the 
same  conclusions,  with  reference  to  the  sandstone  of  this  area^ 
as  were  reached  in  the  discussion  of  the  Chequamegon  sand- 
stone. All  the  samples  tested  indicate  a  sufBcient  strength  and 
durability  to  recommend  them  for  constructional  purposes. 
The  stone  is  sufficiently  strong  for  the  most  massive  buildings 
and  bridges,  and  works  easily  and  readily  and  with  good  effect 
under  the  chisel.     The  durability  of  the  stone  can  scarcely  be 


■1  'riflHHHPIIHHHS^ 

^ 

IJMBP^  f 

B'll'^^ ' '■^'  ^'^1^" 

|B>w^l^^g^«l^ " 

SOUTH  SHORE  ABEA.-^FOND  DU  LAC.  199 

questioned^  while  the  capacity  it  has  for  resisting  extreme  heat 
up  to  1,000^  F.  makes  it  one  of  the  best  stones  on  the  market  for 
buildings  in  large  cities. 

Description   of   Individual   Quarries. 

The  brownstone  quarries  of  this  area  are  as  follows :  The 
Duluth  Brownstone  Co.'s  quarry,  at  Fond  du  Lac,  the  Fort 
Wing  quarry,  at  Port  Wing,  owned  and  operated  by  Miller 
Bros.  &  Johnson,  the  Arcadian  Brownstone  Quarry,  at  Amni- 
con,  the  Iron  River  Quarry,  near  the  mouth  of  Iron  Biver,  the 
Flag  Biver  Quarry,  near  the  mouth  of  the  Flag  river,  and  the 
Cranberry  Biver  Quarry,  near  the  mouth  of  the  Cranberry 
river.  Of  these  six  quarries  only  the  first  four  are  now  oper- 
ated. 

THE    DULUTH    BBOWNSTONB    CO. 

The  Quarry  operated  by  the  Duluth  Brownstone  Co.  is  lo- 
cated on  lots  1  and  2,  Sec.  6,  T.  48,  B.  15  W.,  in  Douglas  county. 
The  quarry  was  opened  in  1869,  by  Mr.  Ingalls,  and  has  been 
operated  each  year  since,  with  the  exception  of  a  period  of 
twelve  years  from  1873  to  1885.  Seventeen  years  after  the 
quarries  were  opened  by  Mr.  Ingalls,  they  were  purdiased  by 
the  Duluth  Brownstone  Co.,  by  whom  they  have  been  owned 
and  operated  up  to  the  present  time.  The  company  is  a  stock 
company,  of  which  Mr.  J.  H.  Crowley,  of  Duluth,  is  President. 
The  company  has  a  capital  of  $30,000,  and  not  less  than  $30,000 
or  $40,000  worth  of  stone  has  been  taken  from  the  different 
openings. 

Qiuirry  Observations. 

This  is  the  only  quarry  in  the  Lake  Superior  region  from 
which  both  brown  and  white  sandstone  are  quarried.  A  very 
good  quality  of  buff,  as  well  as  brown  sandstone  is  obtained 
at  this  quarry.  Quarrying  operations  have  been  conducted 
at  three  different  places  along  the  bluffs  adjacent  to  the  St. 
Louis  river.  The  first  is  150  ft  long,  60  ft  wide,  and  35  ft 
deep;  the  second  is  300  ft  long,  70  ft.  wide,  and  40  ft 
deep ;  the  third  is  200  ft.  long,  100  ft.  wide,  and  35  ft  deep. 
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Surrounding  these  openings  the  company  controls  52  acres  of 
land.  Two  of  the  openings  have  not  been  worked  for  about  8 
years. 

The  one  which  is  now  operated  has  a  face  of  about  250  ft.,  but 
on  account  of  the  heavy  stripping  in  the  middle  of  the  quarry,  it 
is  now  being  worked  only  at  the  ends.  The  depth  of  the  strip- 
ping varies  from  3  to  8  feet  The  height  of  the  face  from  the 
base  to  the  stripping  is  40  ft  The  forty  foot  face  consists  of 
nine  or  ten  beds,  ranging  from  2  to  5  feet  in  thickness.  The 
beds  are  not  continuous  throughout  the  entire  quarry,  but  break 
up  into  two  and  sometimes  three,  as  they  are  followed  from  one 
side  to  the  other.  The  joints  at  this  place,  which  strike  about 
east  and  west,  and  north  and  south,  are  sufficiently  close  to  be 
used  to  advantage  in  quarrying.  Besides  the  joints,  other  ir- 
regular, nearly  horizontal  seams,  traverse  the  quarry  in  various 
directions.  The  size  of  the  blocks  are  limited  to  dimensions  of 
about  6  ft,  by  8  ft.,  by  5  ft. 

The  brown  sandstone  has  a  bluish  or  purplish  tint,  and  is 
often  spotted  and  streaked  with  white.  The  first  four  feet  at 
the  top  of  the  quarry  is  rubble.  The  beds  immediately  below 
the  rubble  differ  very  little  either  in  texture  or  color,  until  the 
lowest  bench,  consisting  of  six  feet  of  buff  colored  stone,  is 
reached.  Thin  seams  of  red  and  green  clay  occur  between  the 
beds,  while  clay  pockets  are  occasionally  met  with  within  the 
beds  themselves.  Nowhere  in  the  quarry  has  the  stone  an  ab- 
solutely uniform  color,  and  if  it  were  to  be  classified  according 
to  the  specifications  laid  down  with  reference  to  the  stone  from 
the  Chequamegon  area,  it  would  necessarily  be  graded  as  No.  2 
and  No.  3. 

Oeneral  Considerations. 

The  stone  is  quarried  very  cheaply,  loaded  upon  scows,  and 
transported  by  tugs  to  Duluth,  where  it  is  sold  mainly  as  ton 
stone.  The  quarry  is  not  very  extensively  equipped  with  ma- 
chinery. The  stone  is  quarried  mainly  by  blasting  and  wedg- 
ing, and  is  lifted  by  means  of  horse  power  derricks  onto  the 
soows  used  for  transportation. 


SOUTH  SHORE  AREA.^-PORT  WING,  201 

The  samples  from  this  quarry  gave  the  highest  physical  tests 
of  any  of  the  samples  of  brownstone.  The  porosity  is  low,  the 
specific  gravity  about  normal,  and  the  results  of  alternate  freez- 
ing and  thawing  and  extreme  heat  exceptionally  favorable. 
The  crushing  strength  was  also  above  the  average. 

The  important  markets  for  the  stone  from  this  quarry  are  Su- 
perior, Duluth,  Minneapolis,  and  St.  Paul.  The  cost  of  trans- 
portation by  water  from  the  quarry  to  Duluth  is  1 J  cents  per 
hundred.  By  rail,  from  Duluth  to  Minneapolis  and  St.  Paul, 
the  rate  is  6  cents  per  hundred,  making  a  total  of  7  J  cents  per 
hundred  for  transportation  to  these  markets. 

The  first  buildings  which  were  constructed  from  this  stone,  as 
far  as  known,  are  the  Clark  and  Hunter  blocks  of  Duluth.  Some 
of  the  more  important  structures  which  have  since  been  con- 
structed out  of  this  stone  will  be  found  in  the  list  appended  to 
this  chapter. 

The  quarry  has  not  been  worked  very  extensively  during  the 
last  few  years  on  accoimt  of  the  prevailing  business  depression. 
The  company  is  prepared  to  furnish  brown  and  white  mill 
blocks  for  building,  as  well  as  ton  stone  and  rubble  for  pier, 
footing,  and  bridge  purposes. 

Statistical  Data. 

Amount  of  capital  invested:    $30,000. 
Facilities  for  quarrying:    4-horse  power  derricks. 
Average  number  of  employees:    10  to  70. 
Wages  paid  different  classes  of  employees:    $1.50. 

Cost  of  transportation:    By  rail,  Duluth  and  Sux)erior,  $5.00  to  $8.00 
per  car.    By  water,  one  half  of  the  above. 

THE    POBT    WING    QUAKRY    CO. 

The  quarry  of  the  Port  Wing  Quarry  Co.  is  located  at  Port 
Wing,  on  the  south  shore  of  Lake  Superior,  about  thirty  miles 
from  Superior.  The  quarry  is  owTied  and  operated  by  Miller 
Bros.  &  Johnson,  and  was  opened  in  the  spring  of  1895.  It  has 
been  operated  each  year  since,  during  the  period  between  April 
4ind  November.     The   quarry  consists  of   one   opening,  about 
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which  the  company  owns  120  acres  of  land.  The  quarry  is  on 
the  lake  shore,  about  a  mile  and  a  half  directly  west  of  the  vil- 
lage of  Port  Wing.  From  this  place  the  sandstone  outcrops  al- 
most  continuously  for  a  distance  of  two  miles  to  the  west. 

Quarry  Observations. 

The  quarry  is  not  large,  having  a  face  from  250  to  300' 
feet  long,  and  about  8  feet  deep.  The  stripping  is  about  2 
or  2^  feet  thick,  and  will  probably  not  increase  for  a  consid- 
erable distance  back  of  the  present  face  of  the  quarry.  Thd 
beds  are  not  of  uniform  thickness,  but  vary  in  different 
parts  of  the  quarry.  The  jointing  planes  strike  about  N. 
55°  W.  and  north  and  south,  but  are  not  sufficiently  close  to* 
be  either  useful  or  harmful  in  quarrying.  Irregular  inclined 
joints  occur  in  this  quarry,  as  elsewhere,  but  are  so  far  apart 
that  stone  of  practically  any  required  dimensions  can  be  ob- 
tained. 

The  quarry  consists  essentially  of  one  bench,  which  varies 
from  6  to  8  ft.  in  thickness.  The  main  part  of  the  bed,  comr 
prising  about  200  feet  of  the  face,  is  massive  and  entirely 
free  from  white  streaks  and  spots.  At  the  east  end,  for  a  dis- 
tance of  about  15  feet,  the  rock  near  the  surface  is  much  cracked 
and  broken,  and  is  used  mainly  for  rubble.  At  the  west  end^ 
for  a  short  distance,  the  stone  is  distinctly  laminated,  and  some- 
what streaked  with  white. 

Not  a  single  clay  pocket  could  be  found  anywhere  in  the- 
quarry  after  a  most  careful  search.  The  beds  contain  no  peb- 
bles, and  it  is  worthy  of  notice  that  this  is  the  only  quarry,  thus- 
far  examined,  in  which  certainly  95  per  cent,  of  the  stone  is 
No.  1.  Nearly  the  entire  output  of  the  quarry  may  be  so- 
graded. 

The  color  of  the  stone  is  not  the  same  in  all  parts  of  the- 
quarry.  A  portion  of  the  bed,  mainly  at  the  top,  at  the  east 
end,  is  mottled  with  small  dark  brown  spots  due  to  segregations 
of  iron  oxide.  Mottling,  similar  tojthis,  is  characteristic  of  the- 
stone  from  Marquette,  Mich.,  and  is  known  as  "rain  drop"  sand- 
stone.    This  so-called  "rain  drop"  sandstone  is  equal  to  the  very 
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best  No.  1  stone  and  at  one  time  it  had  a  very  large  sale  in  Chi- 
cago and  other  cities.  There  appears  to  be  no  regularity  in  its 
occurrence,  as  it  occurs  mainly  in  occasional  small  bands  in  dif- 
ferent parts  of  the  quarry.  The  stone  is  equally  as  strong  as  the 
more  abundant,  uniformly  colored,  reddish  brown  stone.  The 
color  of  the  "rain  drop"  stone  is  nicely  illustrated  in  Plate 
XXXIV.,  Figure  2. 

The  texture  of  the  rock  is  uniform  throughout.  Occasionally 
one  observes  faint  black  streaks,  indicative  of  former  bedding 
planes,  but  these  markings  are  very  inconspicuous. 

General  Considerations, 

The  possibilities  for  obtaining  No.  1  stone  could  not  be  better 
than  they  are  at  this  place.  The  face  of  the  quarry  exposes 
stone  which  is  essentially  free  from  white  streaks  and  spots,  and 
entirely  free  from  clay  pockets.  These  two  imperfections, 
which  have  so  militated  against  the  brownstone  from  the  Che- 
quamegon  area,  and  other  quarries  along  the  south  shore,  have 
not  become  a  consideration  at  this  place. 

By  reference  to  the  tests  of  durability  and  strength  of  the 
brownstone  from  this  quarry  (See  tables  Chapter  VIII.),  it  will 
be  observed  that  the  stone  is  equal  in  most  respects  to  that  from 
the  other  quarries  of  this  or  the  Chequamegon  area.  The 
strength  and  durability  of  the  rock  are  suflScient  for  all  import- 
ant buildings. 

The  quarry  is  equipped  with  all  necessary  machinery,  includ- 
ing engines,  derricks,  piers,  gang  saws,  etc.  In  the  short  time 
that  the  quarry  has  been  operated,  the  stone  has  found  a  market 
in  Wisconsin,  Minnesota,  North  and  South  Dakota,  Canada, 
Iowa,  Illinois,  and  Michigan.  The  important  structures  into 
which  the  stone  has  gone  will  be  found  in  the  list  appended  to 
this  chapter. 

Statistical  Data. 

Amount  of  capital  inveeted:    $1,000.00. 

Facilitiee  at  hand  for  quarrying;    1  45-hp.  engine,  1  channeler,  2  gang^ 
tews;  2  steam  derricks. 
Average  number  of  employees:    7. 
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Wages  paid  different  classes  of  employees:    tl.50  to  $1.75. 
Cost  of  cutting  and  dressing  per  cu.  foot.    Sawn,  $.15;  ribbed,  $.15; 
ixnnted,  $.02;  bush  hammered  or  chiseled,  $.20. 

Cost  of  transportation:    By  rail,  $.12  i)er  cu,  ft;  by  water,  $.02  ^  per 
cu.  ft. 

Average  value  of  each  grade  per  cubic  foot:    No.  1,  $.35;  No.  2,  $  90; 
ton  stone  $2.S0  to  $2.50  per  ton. 
Shipments  for  the  past  three  years: 

1885 25,000  cu.  ft. 

1896 37,000  cu.  ft. 

18OT 50,000  cu.  ft. 

THE    FLAG    BIYEB    QUABBT. 

The  Flag  River  Quarry  is  located  on  the  south  shore  a  short 
distance  west  of  the  Port  Wing  quarry,  near  the  mouth  of  the 
Flag  River.  The  property  is  owned,  by  Col.  Isaac  H.  Wing,  of 
Bayfield,  and  was  leased  in  1889,  by  Mr.  Miller,  of  Duluth, 
who  opened  the  quarry  under  the  name  of  the  Flag  River 
Brownstone  Co.  Later  the  name  was  changed  to  the  Flag  River 
Quarry.  In  1894  Mr.  Miller's  lease  expired,  and  since  that 
time  the  quarry  has  not  been  in  operation. 

Qiuirry  Observations. 

The  quarry  consists  of  two  openings  located  about  forty  rods 
from  each  other.  The  opening  farthest  east  has  not  been 
worked  for  five  years  but  general  appearances  indicate  that  a 
oonsiderable  amount  of  stone  was  at  one  time  quarried  at  this 
place.  !N'o  stone  has  been  quarried  lower  than  the  lake  level, 
all  stone  having  been  taken  from  two  benches  with  a  total  thick- 
ness of  ten  feet.  The  stripping  is  heavy  at  this  point,  consisting 
of  from  ten  to  twelve  feet  of  clay. 

The  stone  has  a  generally  uniform  brown  color,  with  the  ex- 
iseption  of  certain  portions  immediately  adjacent  to  shear  zones, 
where  the  color  is  yellow.  These  shear  zones  are  vertical,  and 
strike  N.  10°  W.  The  space  between  the  walls  is  filled  with  a 
aoft  arenaceous  clay,  resembling  the  mud  seams  occurring  in  the 
Niagara  limestone  at  Joliet,  HI.  The  face  of  the  quarry  at  this 
place  shows  no  injurious  clay  pockets,  although  the  bed  immedi- 
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ately  below  the  lake  level  contains  an  abundance  of  them.  Small 
pebbles  are  scattered  promiscuously  through  most  parts  of  the 
bed. 

The  second  opening  has  not  been  worked  as  far  from  the 
8hore  as  the  one  just  described.  The  stripping  at  this  place 
has  a  thickness  of  10  to  12  ft.,  while  the  face  of  the  quarry  has  a 
maximum  depth  of  16  ft.,  of  which  6  ft.  is  below  the  floor  of  the 
first  opening.  The  face  of  the  opening  is  somewhat  irregular 
and  extends  along  the  shore  for  a  distance  of  about  200  ft. 

The  color  of  the  stone  is  less  uniform  than  in  the  first  open- 
ing, being  streaked  in  certain  places  with  white.  These  var- 
iegated layers  are  also  cross-bedded,  and  contain  small  clay 
pockets  and  pebbles.  The  lower  beds  are  more  uniform  in  tex- 
ture and  color  than  the  upper  and  have  apparently  furnished 
the  best  quality  of  stone. 

Oenerdl  Considerations. 

The  stone  from  the  Flag  River  quarry  was  tested  in  connec- 
tion with  the  samples  from  the  other  brownstone  quarries.  The 
results  may  be  found  in  the  tables  in  Chapter  VIII.  In  all  these 
tests  the  results  proved  very  satisfactory,  confirming  our  pre- 
vious general  conclusions  regarding  the  adaptability  of  the 
brown  sandstone  for  all  constructional  purposes. 

As  will  be  seen  in  the  list  of  buildings  appended  to  this  chap- 
ter, the  stone  from  this  quarry  has  been  used  in  some  of  the 
most  important  brownstone  structures  of  the  northwest.  The 
machinery  formerly  used  in  quarrying  has  been  largely  re- 
moved, and  the  quarry  is  at  present  essentially  unequipped. 

IBON    BIVEB    BED    SANDSTONB    GO. 

The  quarry  of  the  Iron  River  Red  Sandstone  Co.  is  located  in 
Bayfield  county,  about  a  mile  above  the  mouth  of  the  Iron  river. 
The  first  opening  was  made  in  1892  by  the  Iron  River  Brown- 
stone Co.  Shortly  after  this,  the  ownership  was  transferred 
to  the  Iron  River  Red  Sandstone  Co.,  by  which  company  the 
quarry  was  operated  up  to  1897,  when  it  was  leased  for  one 
year  to  the  Bourgeault  Stone  Co.     The  quarry  is  operated  at 
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present  by  the  Iron  River  Red  Sandstone  Co.,  of  wliich  Mr. 
A.  C.  Titus,  of  Superior,  is  President,  and  Mr.  W.  G.  Crosby,  of 
Duluth,  Minn.,  is  Secretary  and  Treasurer. 

Quarry  Observations. 

The  quarry  comprises  three  different  openings,  which  arc 
respectively  300  feet  long,  100  feet  wide,  and  50  feet  deep ;  100 
feet  long,  40  feet  wide,  and  40  feet  deep ;  and  100  feet  long,  50 
feet  wide,  and  20  feet  deep.  They  are  situated  adjacent  to  the 
river,  at  a  place  where  the  natural  outcrops  rise  to  a  height  of 
from  30  to  60  feet  above  the  river.  The  120  acres  adjacent  to 
the  quarry,  owned  by  this  company,  have  been  shown  by  direct 
borings  to  be  underlain  at  a  little  depth  by  sandstone  similar  to 
that  which  outcrops  along  the  banks  of  the  river. 

During  the  season  of  1897,  only  the  opening  farthest  south 
was  being  worked,  the  others  having  been  abandoned  on  account 
of  the  heavier  stripping.  The  stripping  at  the  top  of  this  open- 
ing is  about  10  feet  deep.  The  four  beds  immediately  under- 
neath the  stripping  are  respectively  2i  feet,  2^  feet,  2  feet,  and 
1  foot  in  thickness,  the  three  upper  being  sold  as  Ko.  2  ton  stone, 
and  the  lowest  as  rubble.  These  beds  contain  a  very  few,  small 
clay  pockets,  the  lower  beds  being  classed  as  rubble,  on  account 
of  white  streaks  and  lamination.  The  6  foot  bed  immediately 
below  the  rubble  is  one  of  the  best  in  the  quarry.  It  is  uniform 
in  texture  and  color,  free  from  clay  pockets,  and  shows  only  an 
occasional  dark  colored  pebble.  The  next  3  feet  are  shaly,  con- 
tain clay  pockets,  and  the  stone  is  very  inferior.  It  is  classed 
as  rubble.  The  stone  in  the  next  16  feet  is  practically  free  from 
injurious  clay  pockets,  white  spots,  or  streaks,  but  in  places  is 
cross-bedded  and  discolored  by  black  or  deep  brown  streaks,  on 
account  of  which  it  is  classed  as  Ifo.  2.  The  stone  from  the  next 
three  feet  is  laminated,  and  streaked  with  black  along  the  hori- 
zontal and  cross-bedding  planes,  and  is  classed  as  No.  3  block. 
The  stone  from  the  remaining  6  feet  is  mostly  clear  stock,  and  is 
quarried  for  No.  1  block.  In  general,  the  stone  from  this 
opening,  with  the  exception  of  the  rubble  beds,  is  free  from  in- 
jurious clay  pockets,  pebbles,  or  white  mottling.     The  color  is 
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a  reddish  brown,  somewhat  brighter  than  that  which  is  ordinar- 
ily obtained  from  the  brownstone  quarries. 

The  second  opening  (See  Plate  XXIV.,  Fig.  1,),  which  is  ad- 
jacent to  the  river,  and  a  few  rods  north  of  the  south  opening,  is 
the  largest  of  the  three.  The  earthy  stripping  has  a  maximum 
thickness  of  about  12  feet,  immediately  underneath  which  are 
10  ft.  of  rubble.  Below  the  rubble  occur  about  34  ft.  of  block 
«tone,  grading  Nos.  1,  2,  and  3.  The  quality  of  the  stone  dif- 
fers in  each  bed,  and  in  different  parts  of  the  same  bed.  The  di- 
mensions are  practically  unlimited,  the  largest  block  thus  far 
quarried  being  10  ft.  by  16  ft.  by  52  ft. 

The  upper  beds  are  somewhat  mottled  with  white  streaks  and 
spots.  The  dark  streaks,  noted  elsewhere,  occur  occasionally 
along  the  sedimentary  planes.  Certain  of  the  lower  benches  are 
almost  free  from  clay  pockets,  and  contain  a  large  percentage 
of  No.  1  stone.  The  16ft.  at  the  bottom  of  the  quarry  com- 
prise the  best  stock,  but  at  irregular  intervals  narrow  bands  of 
small  clay  pockets  run  parallel  to  the  bedding,  which  necessitate 
sawing  and  grading  the  stone.  In  general,  the  stone  from  this 
opening  does  not  show  up  as  well  as  the  stone  in  the  opening 
first  described. 

General  Considerations, 

The  tendency  for  the  sandstone  of  this  quarry  to  be  lamin- 
ated, is  more  marked  than  in  other  quarries  of  this  area.  The 
presence  of  a  considerable  amount  of  laminated  stone  means 
that  the  stone  should  be  judiciously  graded,  and  that  care  should 
be  exercised  on  the  part  of  the  builder,  to  see  that  the  stone  is 
laid  on  the  bed  in  the  wall. 

The  quarry  is  prepared  to  furnish  three  grades  of  stone  in 
scabble  dimension  blocks,  suitable  for  building,  pier,  break- 
water, and  bridge  work.  The  facilities  at  hand  for  quarrying 
are  such  that  the  cost  of  exploitation  ought  to  be  reduced  to  a 
minimum.  Channelers,  steam  drills,  and  steam  derricks  are 
used  in  most  of  the  work.  The  stone  is  loaded  onto  cars  at  the 
quarry  and  transported  by  means  of  a  gravity  road  to  the  lake, 
where  the  company  owns  an  excellent  dock.     From  here  it  is 
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shipped  by  scow  to  the  dock  at  West  Duluth^  and  from  thence  it 
is  transported  by  rail  or  water  to  the  various  markets. 

The  Iron  river^  on  the  banks  of  which  the  quarry  is  located, 
woiild  furnish  an  excellent  water  power^  which  coiild  be  used  to 
advantage  in  operating  the  quarry.  The  river  might  be  har- 
nessed at  this  place  with  little  difficiilty,  and  made  to  furnish  all 
the  power  needed  to  operate  the  quarrying  machinery. 

The  stone  from  this  quarry  was  first  used  in  Duluth,  but  the 
first  important  structure  built  of  this  stone  was  one  of  the  build- 
ings of  the  Minnesota  University.  A  few  of  the  important 
structures  into  which  the  stone  from  this  quarry  has  gone,  and 
the  date  of  sale  of  the  stone,  are  given  in  the  list  appended  ixy 

this  chapter. 

Statistical  Data^ 

Amount  of  capital  invested:  $100,000.00. 

Facilities  at  hand  for  quarrying:  1  engine,  50  hp.,  2  channelers,  4  steaiifc 
derricks,  2  hand  derricks,  1  steam  drill. 

Average  number  of  employees:  15  to  iO. 

Wages  paid  different  classes  of  employees  per  day:  $1.50  to  $2.00. 

Cost  of  cutting  and  dressing  stone  per  square  foot:  Sawn,  $  .70;  ax-ham> 
mered,  $  .80;  bush  hammered  or  chiseled,  $1.00;  polished,  $1.00. 

Cost  of  transportation:  $  .10  to  St.  Paul  and  Minneapolis,  $  .28  to  Mani- 
toba, $  .18  to  Dakota. 

Average  value  of  each  grade  per  cubic  foot:  No.  1,  $  .50;  No.  2,  $  .90;^ 
No.  3,  $  .20. 

ARCADIAN    BBOWNSTONE    COMPANY. 

The  quarry  of  the  Arcadian  Brownstone  Co.  is  located  at 
Anmicon  on  the  Northern  Pacific  Ry.,  about  10  miles  south- 
east of  Superior.  It  was  opened  in  1886  by  the  company  now 
owning  the  quarry,  and  has  been  operated  each  year  since.  The- 
company  owns  10  acres  of  land  surrounding  the  opening  from 
which  over  a  million  cubic  feet  of  stone  have  been  quarried. 

Quarry  Observations. 

At  the  time  the  quarry  was  visited  early  in  the  summer  of 
1897,  it  was  filled  with  water,  which  prevented  an  examination 
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of  the  different  beds.  The  stone  is  graded  into  Nos.  1,  2y  and  & 
block  and  ton  stone,  and  rubble.  The  No.  1  block  is  free  from 
clay  pockets  and  white  streaking  and  is  said  to  occur  in  beds 
from  four  to  five  feet  in  thickness.  Nos.  2  and  3  are  more  or  lees 
imperfect,  the  lowest  grade  often  being  largely  mottled  with 
white. 

The  No.  1  stone  has  a  very  pleasing  color  and  a  uniform  tex- 
ture. It  carves  nicely  and  is  well  suited  for  general  building 
purposes.  Any  required  dimensions  may  be  obtained,  either  in 
scabble  dimension  blocks  or  sawed.  The  poorer  grades  have 
been  furnished  mainly  for  basements  and  piers. 

Oeneral  Considerations. 

The  quarry  is  fully  equipped  with  machinery  for  quarrying, 
and  employs  from  twenty  to  thirty  men,  when  running  full 
force.  A  spur  runs  from  the  Northern  Pacific  Ry.  to  the  quarry 
so  that  the  stone  may  be  loaded  from  the  quarry  directly  onto  the 
cars.  The  stone  from  this  quarry  was  first  used  in  Chicago,  but 
since  then  has  found  its  way  into  many  other  important  markets, 
among  which  may  be  mentioned  Superior,  Duluth,  St.  Paul, 
Minneapolis,  Sioux  City,  and  Omaha.  A  number  of  the  more 
important  buildings,  in  the  construction  of  which  the  stone  from 
this  quarry  has  been  used,  are  given  in  the  list  appended  to  this 
chapter. 

Statistical  Data. 

Amount  of  capital  invested:    $40,000.00. 

Facilities  at  hand  for  quarrying:    Quarry  is  fully  equipped  with  engines, 
channelers,  derricks,  saws,  and  other  necessary,  miscellaneous  machinery* 
Average  number  of  employees:    About  20. 

Wages  paid  different  classes  of  employees:    From  $1.50  to  $3.00  per  day. 
Average  value  of  each  grade  per  cubic  foot:    No.  1,  $.50. 

CRANBEREY    BIVEE    QUABRY. 

The  Cranberry  Eiver  Quarry,  located  on  the  lake  shore  at  the 
mouth  of  the  Cranberry  river,  was  opened  about  six  or  seven 
years  ago  by  Quinby  and  Omeis.     The  quarry  was  operated  for 
14 
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about  six  months  prior  to  the  failure  of  the  company,  and  fur- 
nished a  limited  amount  of  stone  for  basements,  curbing,  and 
building  purposes.  Several  buildings  were  constructed  out  of 
the  stone  from  this  quarry,  and  a  small  amount  of  the  stone  iiras 
used  in  the  construction  of  the  Duluth  High  SchooL  The 
quarry  has  been  idle  for  several  years,  the  machinery  having  all 
been  sold  and  removed  from  the  quarry.  The  property  is  now 
in  the  possession  of  the  Lake  Superior  BroAvnstone  Company. 

GENERAL  RESUME. 

EVIDENCES    OF    STRENGTH    AND    DURABILITY. 

It  is  evident  to  one  who  has  examined  the  Lake  Superior 
sandstone,  in  the  quarry  and  in  the  buildings,  which  have  been 
constructed  therefrom,  that  it  is  admirably  suited  for  the  uses 
to  which  it  is  being  placed.  The  stone  has  been  known  but  a 
little  over  a  quarter  of  a  century,  as  a  building  stone,  the  first 
building  having  been  constructed  in  1870.  During  this  short 
period,  hundreds  of  the  finest  buildings  in  the  north  central 
states  have  been  constructed  from  Lake  Superior  brown  sand- 
stone. No  richer,  more  beautiful,  or  more  durable  structures 
can  be  f oimd,  than  those  built  from  Xo.  1  Lake  Superior  brown- 
stone.  The  color  is  permanent,  frost  does  not  easily  injure  the 
stone,  and  it  is  only  destroyed  by  the  most  intense  heat.  But 
buildings,  as  perfect  and  fresh  today,  as  they  were  when  first 
constructed,  need  not  be  taken  as  conclusive  evidence  of  the  per- 
manent character  of  the  rock.  The  results  of  an  inspection  of 
the  stone  in  the  natural  outcrop,  where  it  has  been  exposed  for 
perhaps  many  thousand  years,  further  testify  to  its  durability 
and  permanence.  Even  this  evidence,  however,  would  not  be 
conclusive  without  the  laboratory  tests.  The  many  tests  which 
were  made  in  the  preparation  of  this  report  fully  substantiate 
the  conclusions  reached  through  the  observations  on  buildings 
and  quarries.  Every  evidence  points  to  the  unquestionable  fit- 
ness of  the  best  brownstone  for  the  finest  kinds  of  constructional 
work. 
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No  difficulty,  as  a  rule,  is  experienced  in  quarrying  blocks  of 
very  large  dimensions.  The  quarries  are  generally  equipped 
with  the  best  machinery,  and  facilities  for  transportation,  either 
by  rail  or  by  boat,  are  good.  The  wages  paid  working  men  are 
-comparatively  uniform. 

CAUSES    OF    THE    PRESENT    INACTIVITY. 

The  question  then  arises  as  to  what  is  the  cause  of  the  past  and 
present  general  depression  in  the  brownstone  industry  of  this 
region.  There  are  a  number  of  causes  which  have  contributed 
to  the  present  inactivity,  chief  among  which  may  be  mentioned 
(1)  general  business  depression,  with  an  accompanying  cessa- 
tion of  building;  (2)  change  in  fashion;  (3)  unnatural  compe- 
tition among  brownstone  operators. 

It  is  well  known  that  the  panics  of  1891  and  1893  occasioned 
a  decided  cessation  in  all  building  operations,  and  especially  de- 
creased the  sale  of  expensive  materials,  such  as  stone.  Conse- 
quent upon  the  panic  certain  of  the  companies  became  finan- 
cially involved,  and  this,  combined  with  the  lessened  demand, 
hastened  the  destruction  of  the  brownstone  industrv.  About 
this  time  the  fashion  changed  and  the  demand  was  turned  from 
dark  to  light  colored  stone.  Brownstone  from  the  Connecticut 
and  Pennsylvania  quarries  had  been  used  for  many  years  and 
was  known  all  over  the  country.  Many  of  the  buildings  con- 
structed out  of  Connecticut  browTistone  had  begim  to  look  shabby 
on  accoimt  of  improper  handling  and  laying,  and  the  somber 
rows  of  bro\\Tistone  buildings  had  become  monotonous  to  the 
eye.  The  Indiana  Bedford  limestone  was  on  the  market  to  sup- 
ply the  rising  demand  for  light  colored  stone,  and  the  operators 
have  pushed  their  stone  into  the  market,  until  today  it  is  prob- 
ably the  most  extensively  used  building  stone  in  this  part  of  the 
country. 

The  third  cause  for  the  decline  in  the  brownstone  industry  is 
found  in  the  unnatural  competition  engaged  in  by  the  local 
operators,  at  a  time  when  the  demand  for  brownstone  was  at  its 
Tieight.  Quarry  operators  indulged  in  cutting  prices,  and,  in 
order  to  maintain  their  margin  of  profit,  they  either  mixed  or 
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lowered  the  grades^  by  which  a  considerable  amount  of  vastly 
inferior  stock  was  placed  upon  the  market,  and  sold  for  No.  1* 
stone. 

Further,  it  may  be  said  that  there  has  apparently  been  no  at- 
tempt to  regulate  the  use  of  the  different  grades  of  stone.  Rub- 
ble has  been  placed  in  the  fronts  of  buildin^rs,  where  nothing 
but  No.  1  stone  should  have  been  allowed.  Every  front  con- 
structed out  of  inferior  stone  militates,  not  alone  against  the 
output  of  the  quarry,  but  against  that  of  the  entire  region.  Con- 
tractors and  builders  can  purchase  inferior  stone  at  a  lower 
price  than  they  can  No.  1,  and  by  its  use  secure  contracts  that 
they  otherwise  could  not  get.  In  this  way,  there  have  been  con- 
structed, in  different  parts  of  the  country,  buildings  which  in 
no  wise  represent  the  quality  of  stone  that  may  be  obtained 
from  the  Lake  Superior  quarries.  Yet  competing  operators 
gladly  point  to  these  buildings,  constructed  from  inferior  stone^ 
aii  representative  of  Wisconsin  brownstone. 

Architects  and  builders  shoiild  know  definitely  the  grade  of 
stone  which  is  to  be  used  in  the  building  to  be  constructed,  and 
they  should  demand  that  the  grade  be  maintained.  Quarry 
operators  ought  to  refuse  to  sell  inferior  stone,  if  it  is  to  be  used 
in  places  where  it  will  be  conspicuous,  as  an  example  of  their 
output.  To  sell  knowingly  inferior  stone  to  be  used  in  the 
fronts  of  magnificent  buildings  is  the  most  damaging  thing  that 
can  happen  to  the  brownstone  industry.  It  has  occurred  in  the 
past,  but  it  is  to  be  hoped  that  these  examples  will  suffice  for 
the  future. 

UNIFORM    GRADING. 

Apparently  there  is  no  imiformity  among  the  different  oper- 
ators with  respect  to  what  constitutes  the  different  grades  of 
stone,  and  it  becomes  necessary  for  one  to  know  exactly  the  con- 
dition of  the  quarry,  and  the  standard  of  the  quarryman,  in  or- 
der to  know  the  quality  of  stone  which  is  represented  by  any 
one  grade.  It  appears  that  a  recognized,  imiform  grading 
should  be  established  in  this  region,  so  that  when  No.  1  mill 
blocks  are  spoken  of,  it  will  be  unnecessary  for  the  person  ad- 
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dressed  to  ask,  the  meaning  of  that  grade.  'No.  1  mill  blocks  and 
No.  1  ton  stone  are  considered  by  the  quarrymen  to  be  the  same 
grade,  with  the  exception  that  the  latter  is  sold  in  rough,  angu- 
lar blocks,  while  the  former  are  either  sawn  or  scabbled.  The 
same  is  true  of  No.  2  mill  blocks  and  No.  2  ton  stone.  The  term 
rubble  is  generally  applied  to  any  rough  stone  of  irregular  di- 
mensions, of  all  grades  from  No.  1  to  No.  3.  No.  1  mill  blocks 
are  generally  known  as  stone  which  is  free  from  large  bleiaishes 
of  white,  uniform  in  color,  with  four  square  sides  and  sound. 
No.  2  mill  blocks  are  generally  known  as  that  stone  not  suffi- 
ciently clear  and  free  from  white  to  grade  No.  1,  but  sufficiently 
good  to  make  excellent  rock  face  work. 

The  stone  from  these  quarries  is  seldom  graded  any  closer 
than  No.  1  and  No.  2  mill  blocks,  or  No.  1  and  No.  2  ton  stone^ 
but  it  appears  quite  necessary,  in  order  to  establish  uniformity, 
that  three  grades,  instead  of  two,  should  be  recognized.  It  will 
be  noticed  that  in  the  above  customary  basis  for  grading  stone, 
no  mention  is  made  of  clay  pockets  or  pebbles,  yet  it  is  eminently 
fitting  that  these  irregularities  should  be  considered  in  grading 
the  stone.  In  accordance  with  tliis  belief,  I  desire  to  submit  the 
following  as  a  more  rational  basis  on  which  to  grade  the  stone. 
No.  1  mill  blocks  ought  to  be  kno\vn  as  that  stone  which  is  free 
from  large  blemishes  of  white,  uniform  in  color,  free  from  clay 
pockets  and  pebbles,  with  four  square  sides,  and  sound.  No.  2 
mill  blocks  ought  to  be  known  as  that  stone  which  is  sufficiently 
free  from  clay  pockets  to  admit  of  perfect  rv^ck  face  work,  and 
siAfficiently  free  from  white  to  give  general  uniformity  of  color 
and  structure.  No.  3  mill  blocks  should  be  known  as  that  stone 
which  is  sound,  and  sufficiently  free  from  clay  pockets  as 
to  admit  of  ordinary  rock  face  work.  No.  1,  No.  2,  and  No.  3 
ton  stone  should  be  known  as  stone  equal  in  quality  to  Nos.  1, 
2,  and  3  mill  blocks,  but  of  irregular  shape,  the  pieces  weighing 
from  J  to  3  tons.  Rubble  should  be  known  as  that  stone  which 
is  broken  into  such  sizes  as  can  be  readily  handled  by  one  or  two 
men,  of  various  grades,  and  suitable  for  foundation  work.  If 
the  stone  from  this  region  were  carefully  graded,  upon  a  basis 
similar  to  this,  there  would  be  less  confusion  and  difficulty  on 
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the  part  of  contractor  and  builder  in  knowing  the  character  of 
stone  he  was  purchasing  under  specifications  for  a  certain  grade. 

SAWING    AND    DRESSING. 

Operators  in  this  region  have  been  uncertain  as  to  the  advan-  . 
tages  to  be  derived  from  sawing  the  stone  at  the  quarry,  but  the 
answer  is  not  very  difficult  when  the  necessity  for  grading  the 
stone  is  considered.  Sawing  appears  to  be  almost  a  necessity 
for  economical  working.  It  has  been  observed  that  much  No.  1 
stone  could  often  be  obtained  from  No.  2  scabble  blocks,  pro- 
vided the  stone  could  be  sawed  at  the  quarry.  Likewise  the  No. 
1  blocks  occasionally  contain  stone,  which  would  be  graded  No. 
2,  if  sawed.  The  blocks  showing  white  streaking  and  blotches 
could  often  be  so  cut  as  to  leave  a  uniformly  colored  face  free 
from  white.  In  this  and  many  other  ways  it  appears  that  the 
saw  can  be  used  to  advantage  in  connection  with  the  quarry. 

PRICE. 

The  greater  strength  and  durability  of  the  Wisconsin  brown- 
stone  over  that  from  other  localities,  as  indicated  by  the  labor- 
atory tests,  and  the  greater  difficulty  with  which  the  stone  is  cut, 
dressed,  and  carved,  has  resulted  in  somewhat  higher  prices  for 
the  product.  A  higher  price  for  the  dressed  stone  places  it  on 
the  market  at  a  considerable  disadvantage,  for  it  is  a  difficult 
matter  in  these  days  to  make  a  purchaser  understand  that  some- 
times "the  dearest  stone  is  the  cheapest  in  the  long  run."  But 
in  spite  of  the  greater  expense  of  working  the  brownstone,  it  is 
now  sold  in  the  market  at  prices  which  furnish  lively  compe- 
tition for  operators  in  less  durable  stone.  The  cost  of  cutting 
and  dressing  the  brownstone  is  given  below,  the  figures  being 
taken  from  current  prices  in  1897. 

The  Bourgeault  Stone  Co.  of   Duhith   quotes   the  following 
prices  for  cutting  and  dressing  stone : 

Sawn    $.70 

Ax-hammered 80 

Bush  hammered  or  chiseled 1 .  00 

Polished 1.00 
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The  Superior  Cut  Stone  Co.  of  Superior  gives  tlie  following 

prices : 

Sawn    $.70 

Ribbed 80 

Pointed 70 

Ax-hammered 60 

Pointed 70 

Bass  Island  Brownstone  Co. : 

Sawn    $.20 

Ashland  Brownstone  Co. : 

Sawn    $.25 

TRANSPORTATION. 

Finally,  the  transportation  rates  have  been  such  that  the 
eastern  product  has  had  an  advantage  over  the  product  from 
Wisconsin.  Freight  rates  are  a  considerable  factor  in  the  suc- 
cess of  a  quarry,  and  where  discriminations  are  made  between 
east  and  west  bound  freight,  it  works  an  injustice  to  the  less 
favorably  situated  quarries. 

SUGGESTIONS. 

In  order  that  the  brownstone  may  not  fall  into  disrepute,  and 
that  subsequent  development  may  be  permanent,  certain  cautions 
should  be  observed  relative  to  extracting,  cutting,  and  laying  the 
stone,  which  it  may  not  be  out  of  place  to  mention.  In  the  first 
place,  blasting  should  never  be  resorted  to  as  a  means  of  quarry- 
ing the  stone.  The  stone  should  only  be  quarried  during  those 
months  when  there  is  no  danger  from  freezing.  This  time  nat- 
urally varies  with  the  season,  but  it  is  safe  to  say  that  the  stone 
may  be  injured  when  quarried  earlier  than  April  15th  or  later 
than  November  15th. 

Before  being  placed  in  a  building,  the  stone  should  at  all  times 
be  thoroughly  seasoned.  It  is  very  true  that  stone  from 
certain  of  the  brownstone  quarries  has  been  placed,  unseasoned, 
in  positions  where  the  liability  to  injury  was  very  large,  without 
material  injury,  but  this  is  not  a  safe  practice  and  ought  to  be 
avoided. 

It  is  difficult  for  the  ordinary  observer  to  detect  sedimentary 
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planes  in  much  of  the  brown  sandstone,  but  the  man  who  cuts 
the  stone  can  easily  distinguish  the  original  position  of  the  stone 
in  the  quarry.  Whether  the  sedimentary  planes  are  prominent 
or  not,  one  should  never  lay  the  stone  on  edge  in  a  building. 
This  is  the  only  safe  rule  to  observe. 

The  judicious  use  of  different  shades  of  brown  will  add  much 
to  the  appearance  of  a  building.  Each  block  of  stone  ought  to 
be  considered  in  its  relation  to  every  other,  not  only  in  its  shape 
and  position,  but  also  with  reference  to  its  color.  There  is  a 
variety  of  shades  of  brownstone,  and  each  one  may  be  so  used,  as 
to  either  enliven  or  deaden  the  effect  of  the  wall.  The  mottled 
stone  may  be  used  in  places  so  f. '.  to  produce  a  fantastic  and 
varied  effect,  and  if  judiciously  selected  and  laid  as  designed,  it 
often  proves  very  pleasing. 

For  use  in  the  business  portions  of  large  cities,  there  is  no 
more  suitable  color  than  reddish  brown.  It  shows  less  than 
any  other,  the  streakings  of  soot  and  dirt  which  are  so  conspicu- 
ous on  the  walls  of  buildings  constructed  out  of  light  colored 
stone.  For  residence  fronts  the  brownstone  cannot  be  surpassed 
for  richness  of  color.  The  brighter  shades,  although  not  light 
and  flashy,  are  sufficiently  brilliant  to  give  life  to  the  stone. 

The  quarrying  of  brownstone  is  one  of  the  important  indus- 
tries of  northern  Wisconsin,  but,  like  all  other  new  enterprises 
in  a  rapidly  growing  coimtry,  has  met  with  reverses.  It  is  be- 
lieved that  the  uncertain  period  has  passed,  and  that  a  new  era 
has  been  entered  upon,  in  which  the  development  may  not  be  as 
rapid  as  in  the  past,  but  it  will  be  more  certain. 

Appendix. 

On  the  following  pages  will  be  found  a  partial  list  of  buildings  con- 
structed out  of  Lake  Superior  brownstone.  In  some  of  them  the  parts 
constructed  out  of  brownstone  are  given,  but  in  others  no  attempt  has 
been  made  to  give  this  data.  The  date  of  erection  of  the  building,  the  lo- 
cation, and  the  quarry  from  which  the  stone  was  taken,  have  also  been  in- 
serted. Certain  of  these  buildings  have  been  shown  in  the  preceding  half- 
tone cuts,  and  are  indicated  with  an  asterisk.  It  was  not  possible  to  in- 
sert cuts  of  all  the  important  structures,  but  a  sufficient  number  have 
been  given  to  indicate  the  charactor  of  the  buildings  constructed  from 
the  stone. 
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Partial  List  of  Buildings  Constructed  Out  of  Lake  Superior 

Brownstone, 


Name  of  bnilding  and  date 
of  construction. 


Aberdeen  Hotel 

Adam*s  Flats 

A.  H.  Wilder'8  flats. 


^Bayfield   County    Court  House 

BankbuadinR.   1885 

Bank   of  Commerce  Bldi(.    1888.. 

Banning  block.   1871 

Bridges  and  culverts 

Bridget.   1896 

Buffalo  Flats 

Catholic  church.    1892 

♦Central  High  School 

♦Central  High  School 

•Chamber  of  Com.  Bank  Bldg 

Chamber  of  Commerce.  188^*91 . . 

Church  of  Redeemer.    1891 

City  pumping  station 

Cincinnati  City  Hall .    1889-90 .... 

Clark  &  Hunter  blocks  1870 

•C.,  St.  P..  M.  &  O.  depot.    1897. 

♦C,  St.  P.,  M.  AOdepot.    1896.. 

Dan.  Head  &  Co's  Bank 

Daris'  Commission  House 

£leyator  H 

Elaindor  Flats.    1.S92 

Ex-Mayor  Pattison's   residence. 
1890 

Ex-Oov.  Merriam*srosidenco,1887. 

FireHaUNo.l 

Flour  mills 

Forepaugh  Bldg 

Fred  C.  Pillsbury's  residence.  1889 

l8t  M.  E.  Church 

let  National  Bank 

Oerman  American  Bank 


City. 


St.  Paul. 
Duluth . . 
St.  Paul. 


Washburn. . . 
Winnipeg . . . 
Minneapolis 
Duluth 


C.|  St.  P.,  M.  w  O. 
By 


Wis.  Cen.  By.... 

Duluth 

Superior 

Duluth 

Duluth 

Minneapolis 

Detroit 

Superior 

Duluth'T 

Cincinnati 

Duluth 

Duluth 

Eau  Claire,  Wis. 

Kenosha 

Duluth 

Duluth 


Part  constructed 
out  of  stone. 


Superstructure, 
substructure... 

Superstructure, 
substructure . . . 

Superstructure, 
substructure  .. 


Superstruc  t  u  r  e, 
substructure... 

Superstructure, 
substructure  .. 


Superstructure, 
substructure  . . 

Superstruc  t  u  r  e, 
substructure . . . 


Superstructure, 
substructure . . 


Quarry. 


Superstructure, 
substructure. .. 


Foundation . 


St  Paul I  Entire  structure. 


Superior 

St.  Paul 

Duluth 

Superior 

St.  Paul 

Minneapolis 

Duluth 

Duluth 

St.  Paul 


and 


Foundation 

basement 
Superstructure, 

substructure . . 


Substructure 


All  the  stone  work 


Washburn  Co. 
Port  Wing  Co. 
Washburn  Co. 

Washburn  Co. 

Iron  Birer  Co. 

Washburn  Co. 
Duluth  Co. 

Washburn  Co. 

Ashland  Co. 

Cranberry  riTer 

Arcadian  Co. 

Flag  River  Co. 
Cranberry  river, 

(in  part). 
Washburn  Ca 

Excelsior  Co. 

Arcadian  Co. 
Port  Wing  Co. 


Prentice  Co. 
Duluth  Co. 


Port  Wing  Co. 
Ashland  Co. 

Arcadian  Co. 

Port  Wing  Co. 

Duluth  Co. 

Iron  River  Co. 


Arcadian  Co. 

Washburn  Co. 
Duluth  Co. 

Iron  River  Co. 

Washburn  Co. 

Washburn  Co. 

Bass  Island  Co. 

Duluth  Co. 

Duluth  Co. 
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Partial  List  of  Buildings  Constructed  Out  of  Lake  Superior 

Brownstone, —  continued. 


Name  of  building  and  date 
of  oonstmotion. 


Grand  Hotel 

High  School. 

High  School 

Holmberg  Flats 

UudaonBldg.     1891.... 
H.  P.  Bogg's  residence . 

Irwin  School.  1804 

Jefferson  School.  1893.. 


Jno.  Paol's  residence 

Kelley's  Commission  House 

Kenwood  Flats ^ 

KnightBlock.    1890 

Library  Bldg 

Library  Bldg 

LockleyFlaU.    1893 

L.  P.  Hunt's  Basiness  Block 

^Lumber  Exchange 

*Lnmber  Exchange 

Lyceum  BuUding 

Masonic  Temple.     1885 

Massachusetts  Blocks 

M.  E.  Church.  1896 

Metropolitan  Opera  House.  1895. 

^Milwaukee    Count)*    and    City 
Court  House 


Northern  State  Bank 

Odd  Fellows  HaU.    1892. 


One  of  the  buildings  of  University 
of  Miun 


Park  Cong.  Church.    1895 

Pearl  St.  School  House 

Phillip's  Block 

Plankington  Bank  Bldg 

*Po8t  Office 

Potter  Palmer's  residence.  1889.. 

Preparatory  College  to  Univer- 
sity of  Minn 


City. 


Winnipeg . . . 
Minneapolis 

Baclne 

Minneapolis 

Detroit 

St.  Paul 

Duluth 

Duluth 


La  Crosse... 

Duluth 

Minneapolis 

Ashland 

Bochester... 
Fairbault... 

St.  Paul 

Mankato 

Minneapolis 
Minneapolis 

Duluth 

Ashland , 

Duluth 

Duluth 

Minneapolis 


Milwaukee . 
Washburn. . 
St.  Paul.... 


Part  constructed 
out  of  stone. 


Basement      and 
trimmings 


Superstructure, 
suo8truct«re .... 
1st  story  and  base- 
ment and  trim 
mings 


Superstructure, 
substructure 


Minneapolis 

St.  Paul 

Sioux  City,  Iowa. 
Sioux  Falls,  S.  D. 

Milwaukee 

Ashland , .... 

Chicago 


Superstructure, 
substructure . . 


Quarry. 


Superstructure . . 


All  stone  work . . . 


Superstructure, 
substructure. .. 

Superstructure, 
substructure . . . 

Superstructure, 
substructure . . . 

Superstructure, 
substructure . . . 

Basement      and 
trimmings 


Minneapolis. 


Superstructure, 
substructure.. 

Superstructure, 
substructure.. 


Port  Wing  Co. 
Washburn  Co. 

Arcadian  Co. 
Port  Wing  Co. 

Ashland  Co. 

Washburn  Co. 

Port  Wing  Co. 

Iron  Biver  Co. 
Bass  Island  Co. 

Port  Wing  Co. 

Washburn  Co. 


Ashland  Co. 
Washburn  Co. 

Washburn  Co. 


Iron  River  Co. 
Washburn  Co. 

Prentice  Co.  (in 

part) 
Washburn  Co. 

Duluth  Co. 

Excelsior  Co. 

Duluth. 

Iron  River  Co. 

Washburn  C6. 

Washburn  Co. 
Washburn  Co. 
Iron  River  Co. 

Iron  River  Co. 

Iron  River  Co. 
Washburn  Co. 

Washburn  Co. 

Bass  Island  Co. 

Prentice  Co. 
Prentice  Co. 
Washburn  Co. 
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Partial  List  of  Buildings  Constructed  Out  of  Lake  Superior 

Brownsione. —  continued. 


Name  of  bailding  and  date 
of  oonBtruction. 


ProTidenoe  Bldg.  1895 

Pablio  Library.    1887 

Public  School  Bldg 

Bailroad  Hotel 

Ranaome  Flats.    1803 

St.  IxMiis  comity  vault 

St.  Mary's  Hospital.    1897 

St.  Paul  Globe  Bldi?.,  1886 

St.  Paul  Dispatch  Bld^r.   1895 .... 

St.  Patd's  Church 

Schmidt  Block.     1894 

School  House 

^Second  Lumberman's  Exchange 

Security  Bank  Building 

Several  school-houses.     1894 

State  Asylum.    1807 

State  Normal  school.    1805 

Security  Bank  Bldg 

Telephone  Bldg.   1891 

Temple  Opera  House 

10th  St.  Church 

Tribune  Office  Bldg .   1871 

23rd  St.  Church 

Union  Block 

^Walker  High  School.    1895 

Walnut  St.  Opera  House .    1892 . . 

Washington  High  School 

Wealin  Block 

Westminster  Pres.  Church 

West  Superior  Hotel 

WrightBlock.    1888 


City. 


Dnluth 

Minneapolis  . 

Omaha |. 

Winnipeg  . . . . 
St.  Paul 


Duluth...  . 

Duluth 

St.  Paul.... 
St.  Paul.... 
Milwaukee. 
Detroit  .... 
Duluth 


Minneapolis 

Sioux  City 

Winnipeg 

Cherokee 

Superior 

Sioux  City,  Iowa, 

Detroit  

Duluth 

Minneapolis 

Chicago 

Minneapolis 

Washburn 

Washburn 

Cincinnati 

St.  Paul 

Duluth 

Minneapolis. 

West  Superior . . 
Minneapolis 


Part  constructed 
out  of  stone. 


1st  story  and  base- 
ment  


Superstructure, 
substructure  .. 

Substructure, 
trimmings,  and 
Ist  story 


Superstructure, 
substructure . . 


Brownst'ne  range 
and  white  stone 
trimmings 

Superstructure, 
substructure  .. 


Basement      and 
trimmings. 


Foundation    and 
trimmings 


Superstructure. 

substructure... 
Sui)erstructure, 

substructure. .. 
Superstructure, 
substructure.. 


Quarry. 


Iron  River  Co. 
Washburn    Co. 

(in  part). 
Washburn  Co. 


Flag  River  Co. 

Iron  River  Co. 
Port  Wing  Co. 

Port  Winff  Co. 

Washburn  Co. 


Bass  Island  Co. 
Bass  Island  Co.. 

Ashland  Co. 


Duluth  Co. 

Flag  River  Co. 
Arcadian  Co. 


Iron  River  Co. 
Port  Wing  Co. 

Arcadian  Co. 
Washburn  Co. 

Ashland  Co. 

Arcadian  Co. 

Washburn  Co. 

Bass  Island  Co. 

Washburn  Co. 

Washburn  Co. 

Washbom  Co. 

Prentice  Co. 
Duluth  Co. 

Duluth  Co. 

Duluth  Co. 

Duluth  Co. 

Washburn  Co. 
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The  brownstone  from  the  Prentice  Brownstone  Quarry  has 
been  used  for  constructional  purposes  in  a  total  of  10  states  and 
40  cities,  among  which  are  the  following : 

New  York— New  York  City,  Brooklyn,  Ogdensbarch,  Boohester,  Troy,  Buffaloti 

Ohio  —  Cleveland,  Toledo,  Sandnsky,  CinoinnatL  IB 

Miohigan  —  Detroit,  Port  Huron,  Lansing,  Eacanaba,  Bay  City,  Jackson,  Ann  Aibor. 

Battle  Creek. 
Ulinoie  — Chicago,  Peoria,  Bockford,  Bloomington. 
Wisconsin  —  Madison,  Ean  Claire,  Ashland,  Superior. 
Minnesota  —  St.  Paol,  Minneapolis.  Dolnth,  Austin. 
Iowa  —  Des  Moines,  Sioaz  City,  Council  Bln£Fs. 
Missouri— St.  Louis,  St.  Joseph,  Kansas  Cit}-. 
Nebraska — Omaha . 
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CHAPTER   IV- 


SANDSTONE  (continued). 

SOUTHERN  POTSDAM  SANDSTONE. 

The  Southern  Potsdam  Sandstone  is  immediately  adjacent  to- 
the  great  north-central  crystalline  area,  bordering  it  on  the 
south,  east,  and  west  The  sandstone  of  this  area  is  supposed 
to  have  been  laid  down  contemporaneously  with  the  Lake  Super- 
ior sandstone,  although  the  latter  contains  no  known  fossil  re- 
mains, and  is  not  connected  geographically  with  the  former.^ 
The  sandstone  of  the  sounthem  area  is  widely  different  at  dif- 
ferent horizons,  as  well  as  in  different  parts  of  the  same  horizon. 
It  varies  in  color,  texture,  and  composition,  and  the  hardness^ 
strength,  durability,  adaptability,  and  beauty,  all  vary  accord- 
ingly. The  surficial  extent  is  very  large.  (See  General  Map^ 
PL  I.)  The  formation  extends  from  the  Menominee  river  in 
the  northwestern  part  of  the  state  around  to  the  southern  part, 
and  thence  northwest  in  a  broad  belt  as  far  as  the  center  of  Bur- 
nett county.  In  spite  of  its  large  surficial  extent,  it  may  be  said 
that  this  area,  in  general,  supplies  perhaps  as  small  a  percentage 
of  good  building  stone  as  any  treated  in  this  report. 

The  sandstone  is  quarried  and  used  locally  throughout  the  en- 
tire region,  but  only  in  a  few  places  is  the  stone  exploited  for 
shipment.  In  nearly  every  village  and  town  located  in  the 
Potsdam  sandstone  region  the  stone  is  used  for  foundation  pur- 
poses, while  in  some  of  the  more  favorable  localities,  it  has  been 
used  in  the  construction  of  local  buildings  and  bridges.  In  only 
two  small  areas  has  the  stone  been  quarried  extensively  for 
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shipping  purposes.  One  of  these  areas  is  known  as  the  Dunn- 
ville,  and  the  other  as  Ablemans.  At  a  number  of  other  local- 
ities, among  which  may  be  mentioned  Madison,  Mineral  Point, 
Baraboo,  Grand  Kapids,  and  Stevens  Point,  the  stone  has  been 
used  quite  extensively  in  the  construction  of  local  buildings. 

In  color,  the  stone  varies  from  an  almost  pure  white,  through 
buff  and  brown,  to  a  brilliant  red.  The  stone  usually  contains 
a  greater  or  less  percentage  of  brown  iron  oxide,  and  conse- 
quently the  predominant  color  is  either  buff  or  brov^rn.  The  red 
sandstone  occurs  mainly  in  a  region,  as  yet  undeveloped,  about 
four  miles  from  LaValle  on  the  C,  St.  P.,  M.  &  O.  Ky.  Almost 
pure  white  sandstone  is  obtained  mainly  from  a  single  quarry  at 
Ablemans.  The  brown  and  buff  colored  varieties  are  distrib- 
uted very  irregularly  throughout  the  entire  region,  and  often 
two  or  more  shades  of  brown  or  yellow  are  taken  from  the  same 
quarry. 

The  sandstone  varies  from  a  very  coarse  granular  rock  to  one 
which  is  exceedingly  fine  grained.  In  certain  places  the  rock 
is  so  firmly  cemented  by  silica  that  it  would  almost  pass  for  a 
quartzite.  In  other  places  the  grains  are  scarcely  cemented  at 
all,  and  the  stone  is  so  friable  that  it  crimibles  in  the  hand.  In 
other  instances  the  rock  is  cemented  with  either  calcium  carbon- 
ate or  iron  oxide.  In  the  former  case  the  sandstone  is  generally 
fine  grained  and  more  firmly  compacted  than  in  the  latter.  The 
ease  with  which  the  stone  can  be  cut  and  dressed  depends  mainly 
upon  the  degree  to  which  it  has  been  cemented,  and  the  kind  of 
cementing  material.  If  a  sandstone  is  poorly  cemented,  and 
very  soft,  it  generally  crumbles  beneath  the  cutter's  tool ;  and  if 
it  is  very  firmly  cemented  with  silica,  it  is  often  exceedingly  re- 
fractory and  too  expensive  to  cut  and  dress.  In  both  of  these 
extremes  the  stone  is  unsuited  to  economical  working.  If  the 
stone  is  moderately  well  cemented  with  silica,  or  well  cemented 
with  iron  oxide  or  calcium  carbonate,  it  can  generally  be  worked 
with  much  greater  readiness  and  to  much  better  advantage. 

Wherever  the  Potsdam  sandstone  occurs  it  is  generally  easily 
accessible,  and  can  be  taken  from  the  quarry  in  blocks  of  any 
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reasonable  size.  In  places,  the  joints  are  perhaps  more  abund- 
ant than  is  desirable,  but  where  the  stone  is  unsuited  for  fine  con- 
structional work,  the  presence  of  numerous  joints  is  frequently 
a  decided  advantage,  rather  than  a  hindrance. 

Scarcely  any  of  the  quarries  of  this  area  are  equipped  with 
any  but  the  simplest  quarrying  appliances.  The  ordinary  out- 
fit is  a  hand-drill,  a  crowbar,  sledges,  and  a  can  of  powder.  In 
quarrying  no  attention  is  paid  to  the  condition  of  the  stone  after 
it  is  taken  from  the  ledge,  the  only  object  being  to  exploit  it  with 
the  least  possible  expense. 

As  previously  mentioned,  the  markets  for  the  stone  are  almost 
entirely  local.  The  Dunnville  quarries  furnish  a  limited 
amount  of  stone  for  constructional  purposes  to  a  number  of 
cities  within  this  and  neighboring  states.  The  stone  that  is 
quarried  at  Ableinans  is  sold  mainly  within  the  state,  and  is  used 
very  largely  by  the  C.  &  N.  W.  Ry.  for  bridge  construction. 

The  following  pages  are  intended  to  give  a  more  specific  idea 
of  the  character  of  the  stone  as  it  is  quarried  at  these  and  other 
localities  within  the  region  under  discussion. 

Description  of  Individual  Areas. 

DUNNVILLE    ABEA. 

The  Dunville  quarries  are  located  along  the  eastern  escarp- 
ment of  the  Red  Cedar  river,  being  scattered  along  the  railroad 
for  a  mile  north  of  Dunnville  station.  The  quarries  are  imme- 
diately adjacent  to  the  C,  M.  &  St.  P.  Ry.,  the  stone  being,  in 
some  cases,  quarried  from  the  right  of  way.  For  a  distance  of 
about  a  mile  north  of  Dunnville,  the  railroad  skirts  the  base  of 
the  escarpment,  which  presents  an  almost  continuous  vertical 
<3liff  from  10  to  40  feet  high.  At  one  time  or  another,  stone  has 
been  quarried  from  nearly  every  part  of  the  cliff,  operations 
having  been  shifted  from  one  place  to  another,  to  avoid  heavy 
stripping  and  occasional  rotten  and  ferruginous  places  in  the 
ledge.  At  the  present  time,  quarrying  is  being  conducted  at 
four  places  along  the  escarpment.       The  first  quarry  is  about 
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one-third  of  a  mile  north  of  Dunnville  station.  Two  others  are 
a  short  distance  north  of  this  one^  and  the  last  is  about  a  mile 
from  the  station. 

Quarry  Observations. 

AU  of  the  stone  from  those  quarries  is  essentially  the  same, 
although  there  are  local  differences  in  color  and  texture.     Plate 
XXXVII.,  shows  the  succession  of  beds  as  they  occurred  at  the 
four  different  openings,  at  the  time   they  were  visited  in  the 
summer  of  1897.     It  will  be  seen  that  each  of  the  quarries  con- 
sists of  alternating  beds  of  sandstone  and  shale.     Certain  of  the 
beds  are  solid,  while  others  are  laminated  and  shaly.     The  beds 
vary  in  thickness  from  a  fraction  of  an  inch  to  6  or  7  ft.     They 
are  not  of  constant  thickness,  but  may  be  solid  in  one  part  of  the 
quarry  and  break  up  into  two  or  more  beds  in  another  part.     A 
certain  Led  may  furnish  good  dimension  stone  in  one  part,  while 
that  taken  from  another  part  of  the  same  bed  may  be  worthless. 
The  heavy  beds  extend  throughout  the  entire  length  of  the  es- 
carpment and  constitute   the   principal  source  of  the  building 
stone.     When  first  quarried,  the  stone  generally  shows  quite  dis- 
tinct stratification  planes,  but  after  seasoning  the  evidences  of 
stratification   largely   disappear.       Besides     being     distinctly 
bedded,  the  stone  is  also  broken   into   irregular  blocks  by  two- 
sets  of  joints,  striking  in  general  about  N.  80°  W.  and  K".  8-10° 
E.     These  joints  occur  at  irregular  intervals,  and  are  occasion- 
ally as  much  as  10  or  15  feet  apart  but,  as  a  lule,  they  are  muck 
closer. 

The  color  of  the  stone  differs  very  little  in  the  different  beds,, 
being  in  general  a  very  light  buff.  In  some  of  the  uppermost 
beds  it  is  more  of  a  gray  or  bluish  white.  The  texture  of  the 
stone  from  all  the  quarries  is  not  the  same,  being  very  fine 
grained  in  some  and  much  coarser  in  others.  When  first  quar^ 
ried,  the  stone  cuts  very  easily,  being  susceptible  to  the  finest 
kind  of  carved  work.  Under  ordinary  conditions,  the  stone  will 
be  seasoned  after  one  or  two  weeks  drying.  It  then  works  less 
readily  imder  the  chisel.       When  taken  from  the  quarry,  the 
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Btone  is  apparently  almost  completely  saturated  with  water.  At 
many  places  along  the  escarpment  the  water  drips  or  runs  out 
from  between  the  different  ledges  of  rock,  indicating  that  the 
water  content  is  very  large,  and  that  it  is  readily  given  up. 

Laboratory  Examination, 

The  Dressed  Sample. — The  stone  from  these  quarries  has  a 
very  pleasing  buff  color.  The  sample  which  is  in  the  laboratory 
of  the  Survey  shows  very  excellent  rock,  ribbed,  bush  hanmiered, 
and  sawed  faces. 

Microscopical  Examination. — An  examination  of  the  thin 
section  of  the  rock  under  the  microscope  shows  that  it  is  very 
fine  grained.  (See  Plate  LXVII.,  Fig.  1.)  It  consists  mainly 
of  fine  angular  grains  of  quartz,  mingled  with  which  are  lesser 
amounts  of  feldspar,  muscovite,  and  biotite.  The  interspaces 
between  the  grains  are  small  and  numerous,  but  are  supposed  to 
be  of  capillary  size.  The  exceeding  fineness  of  the  grains  gives 
little  chance  to  determine  the  amount  or  kind  of  cementing  ma- 
terial which  binds  them  together,  but  in  the  process  of  grinding, 
many  of  the  grains  were  pulled  apart,  indicating  a  rather  loose 
cementation. 

Physical  Tests. — The  specific  gravity  of  the  rock,  as  shown  in 
Chapter  VIII.,  Table  V.,  is  2.59,  which  is  somewhat  lower  than 
that  of  the  Lake  Superior  brownstone.  The  percentage  of 
water  absorbed  by  the  stone  is  very  high,  being  15.17  per  cent. 
The  actual  porosity  averaged  28.28  per  cent  Due  to  freezing 
and  thawing,  the  samples  lost  in  weight  an  average  of  .16  of  a 
gram,  on  a  mass  of  about  234  grams.  (See  Chapter  VIII., 
Table  VI.)  The  effect  of  alternate  freezing  and  thawing  on  the 
crushing  strength  is  given  in  table  VII.,  in  which  the  crushing 
strength  of  the  frozen  samples  averages  742  lbs.  per  sq.  in.  more 
than  that  of  the  fresh  samples.  This  does  not  indicate  that  the 
stone  is  stronger  on  account  cf  having  been  frozen,  but  that  the 
frozen  samples  were  more  carefully  prepared  than  the  others, 
and  that  the  alternate  freezing  and  thawing  had  little  or  no  ef- 
fect upon  the  strength.  When  subjected  to  an  extremely  high 
15 
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temperature,  the  Dunnville  sandstone  changed  to  a  yellowish 
brown  color.  At  1,000°  F.  the  samples  were  apparently  little 
affected,  but  when  heated  to  1,200°  F.  cracks  were  developed 
across  the  samples  and  the  strength  w^as  nearly  gone.  The  sam- 
ples could  be  broken  with  the  fingers. 

The  maximum  crushing  strength  of  the  stone  was  about 
3,000  lbs.  per  sq.  inch.  (See  Chapter  VIII.,  Table  II.)  It 
will  be  noticed  that  the  strength  is  somewhat  lower  than  that  ob- 
tained for  other  sandstones,  yet  it  is  suflSciently  high  to  insure 
perfect  safety  when  used  in  buildings  of  moderate  size. 

(.  General  Considerations. 

In  general,  the  Dunnville  sandstone,  if  properly  quarried, 
will  serve  as  a  valuable  material  for  light  constructional  work. 
The  ease  with  which  it  carves  makes  it  especially  well  adapted 
for  uses  where  great  strength  is  not  required.  The  excellence 
of  carving  and  beauty  of  the  stone  are  well  showTi  in  the  Mabel 
Tainter  Memorial  Hall,  Menominee,  Wis.,  illustrated  in  Plate 
XXXVIII. 

The  quarries  are  all  very  scantily  equipped  with  machinery. 
Steam  power  has  not  yet  been  used,  either  in  quarrying  or  cut- 
ting the  stone.  Blasting  and  wedging  are  the  methods  em- 
ployed in  quarrying.  Drilling  is  done  by  hand,  and  the  der- 
ricks  are  manipulated  either  by  hand  or  horse  power.  Through 
blasting,  much  good  stone  has  been  destroyed,  while  all  the  stone 
thus  quarried  is  more  or  less  injured.  The  larger  pieces  are 
also  broken  with  heavy  hammers,  a  method  which  is  very  injur- 
ious to  the  life  of  the  stone.  Under  present  conditions,  the  bet- 
ter method  would  be  to  use  steam  drills  and  wedges. 

The  stone  has  been  used  quite  extensively  for  brick  trim- 
mings, and  a  number  of  moderate  sized  buildings,  in  the  west 
central  part  of  the  state,  have  been  entirely  constructed  out  of 
stone  from  these  quarries.  It  has  been  used  quite  largely  in  St, 
Paul,  and  has  found  its  way  as  far  south  as  Madison,  where  it 
has  been  used  for  trinmiing  Hiram  Smith  Hall  of  the  Univer- 
sity.    The  finest  building  in  the  state  constructed  out  of  Dunn- 
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ville  stone  is  the  Mabel  Tainter  Memorial  Hall  at  Menominee, 
Dunn  County.  (See  Plate  XXXVIII.)  The  St  Paul's 
church  at  Stevens  Point  is  another  pretty  building,  also  con- 
structed out  of  Dunnville  sandstone.     (See  Plate  XXXV.) 

Description  of  Individual  Quarries. 

DUNVILLE    QUARRY. 

Operations  were  begun  at  the  Dunnville  quarry  in  1884,  by 
Wm.  H.  Ulmer,  and  the  quarry  has  been  operated  each  year 
since.  The  quarry  with  44  acres  surrounding  the  opening,  is 
owned  by  S.  A.  Ulmer  of  St.  Paul.  This  quarry  is  about  a  mile 
north  of  the  Dunnville  station.  A  small  portion  is  shown  in 
Plate  XXXV. 

The  face  of  the  quarry  is  about  525  ft.  long  and  trends  ap- 
proximately north  and  south.  The  face  is  about  25  .  t.  deep, 
and  has  been  worked  back  about  50  ft.  The  succession  of  beds 
is  shown  in  Plate  XXXVII. 

The  best  stone  is  obtained  from  the  lowest  beds,  which,  at  the 
«outh  end,  are  respectively  6,  IJ,  and  4  ft.  thick.  Farther 
north,  along  the  face,  the  character  of  the  rock  changes,  the  best 
stone  being  quarried  mainly  from  the  lowest  ledge  of  C  ft.  In 
certain  parts  of  the  qu^arry,  the  stone  in  this  ledge  is  rotten  and 
irregularly  stained  with  iron  oxide,  occasioning  a  considerable 
•expense  for  removal.  Above  the  lower  heavy  ledges  the  stone  is 
thinly  bedded  and  interlaminated  with  clay  layers.  These 
upper  beds  often  contain  numerous  fossils,  and  are  classed 
mainly  as  rubble  and  stripping.  The  best  stone  from 
these  beds  is  sold  for  rough  foundation  work,  but  it  has  not  yet 
paid  for  removal. 

The  samples  used  in  testing  the  Dunnville  sandstone,  the  re- 
sults of  which  are  recorded  in  the  tables  in  Chapter  VIII.,  were 
furnished  by  Mr.  Ulmer,  from  this  quarry,  and  they  represent 
fairly  the  stone  from  the  entire  area. 

The  stone  from  this  quarry  is  sawed  at  the  company's  yard  in 
"St.  Paul,  and  has  been  furnished  for  buildings,  foundations,  and 
bridges.     It  is  graded  and  sold  as  rubble  and  building  stone,  and 
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may  be  obtained  in  any  size  that  can  be  handled  by  the  derricks. 
The  output  from  this  quarry  was  100  cars  in  1892,  and  30O 
cars  in  1896,  indicating  an  increasing  demand  for  the  stone. 

The  main  buildings,  in  the  construction  of  which  the  stone 
from  this  quarry  has  been  used,  are  the  City  Hospital,  St.  Paul, 
Minn.,  Mabel  Tainter  Memorial  Hall,  Menominee,  Wis.,  and 
the  Home  for  the  Feeble  Minded,  Chippewa  Falls,  Wis. 

Statistical  Data  of  the  Dunnville  Quarry, 

Amount  of  capital  inyested:    $5, 000.00. 

Facilities  at  hand  for  quarrying:    4  gang  saws,  3  horse  power  derricks. 
Average  number  of  employees:    7. 

Wages  paid  different  classes  of  employees:    $1.50  to  $2.00. 
Cost  of  cutting  and  dressing  stone  per  cubic  foot:    $.50. 
Average  value  of  each  grade  per  cubic  foot:    Mill  blocks,  $.15;  rub- 
ble, $.02. 
Shipments  for  the  past  five  years: 

1892 100  cars 

1883 150  cars. 

18W 160  cars. 

1886 200  cars. 

1896 300  cars. 

Lang's  quakey. 

The  second  quarry  of  this  area,  owned  and  operated  by  Rob- 
ert A.  Lang^  is  a  short  distance  south  of  the  Ulmer  quarry.  The 
stripping  at  this  place  is  from  6  to  12  ft  deep,  and  owing  to 
the  steepness  of  the  bluff,  in  the  rear  of  the  escarpment,  may  in- 
crease considerably  as  the  quarry  is  worked  back.  The  succes- 
sion of  beds  is  given  in  Plate  XXXVII.  The  three  lower 
ledges,  4J  ft.,  6J  ft.,  and  8  ft  thick,  with  the  exception  of  about 
3  ft.,  are  quarried  for  dimension  otone.  The  remaining  16  ft 
above  are  used  for  rubble.  The  beds  are  thin,  interlaminated 
with  clay,  and  contain  iron  segregations.  Much  of  the  stone 
from  the  upper  beds  is  unfit  for  any  use,  and  should  be  removed 
from  the  quarry  as  stripping  or  dump. 

"When  first  taken  from  the  quarry,  the  stone  from  the  massive 
beds  is  wet,  and  shows  a  black  streaky  lamination,  which  disap-^ 
pears  after  the  stone  has  been  seasoned. 
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The  quarry  is  worked  by  blasting  and  wedging.  A  hand  der- 
rick is  used  in  loading  the  stone  from  the  quarry  to  the  cars. 
No  statistical  data  could  be  obtained  relative  to  the  operation  of 
this  or  the  following  described  quarries. 

lestee's  quakry. 

The  quarry  owned  and  operated  by  Wm.  Lester  is  located  a 
short  distance  south  of  Lang's  quarry,  and  has  a  face  which  ex- 
tends along  the  escarpment  about  150  feet.  The  stripping  of 
clay  and  gravel  is  from  4  to  30  feet  deep,  averaging  about  20 
feet.  Beyond  the  cliff  the  hill  rises  quite  abruptly,  making  the 
quarrying  in  that  direction  somewhat  uncertain.  The  rock 
escarpment  at  this  point  is  only  13  ft.  deep,  and  consists  of  two 
beds,  separated  by  a  thin  shaly  layer.  The  two  exposed  ledges 
are  each,  on  an  average,  0  ft.  thick,  while  the  intermediate  bed 
of  shaly  material  has  a  thickness  of  one  foot.  (See  Plate 
XXX  VII.) 

The  upper  3  ft.  of  the  topmost  bed  are  much  broken  up,  and 
the  stone  is  classed  as  rubble.  All  the  No.  1  dimension  stone  is 
quarried  either  from  the  remainder  of  this  or  from  the  lowest 
bed. 

The  heavy  stripping  almost  precludes  the  possibility  of  work- 
ing this  quarry  to  advantage.  Hydraulic  means  might  be  em- 
ployed to  remove  the  soil,  but  it  is  not  certain  that  the  expense 
of  this  method  would  not  be  too  great  to  make  quarrying  prof- 
itable. Part  of  the  stone  used  in  the  Mabel  Tainter  Memorial 
Hall  was  quarried  at  this  place. 

celleyham's  quarry. 

The  quarry  operated  by  Grant  Celleyham  is  located  on  the 
property  of  the  C,  M.  &  St.  P.  Ry.,  known  as  the  'Hight  of 
Way."  The  soil  covering  is  from  5  to  6  ft.  deep,  and  the  indi- 
cations are  that  it  will  not  increase  for  some  distance  back  from 
the  face.  The  succession  of  beds,  as  illustrated  in  Plate 
XXXVIL,  shows  the  condition  of  the  quarry  better  than  it  can 
be  described.     The  best  stone  is  quarried  from  the  lowest  bed 
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of  7  ft.  and  the  second  one  above  having  a  thickness  of  from  6-8 
ft.  This  last  bed  splits,  in  some  places,  into  four  or  five  smaller 
beds.  The  stone  in  this  bed  is  harder  than  that  of  the  lowest 
bed,  and  is  in  places  somewhat  discolored.  The  next  10  ft.^ 
above,  are  mainly  nibble,  and  the  stone  is  used  for  foundations. 
The  uppermost  beds,  having  a  thickness  of  five  feet,  are  rip-rap, 
and  come  under  the  head  of  stripping.  The  quality  of  the 
stone  does  not  differ  essentially  from  that  of  either  of  the  other 
quarries. 

The  Dunville  stone  carves  beautifully,  and  will  remain  per- 
manent a  long  time.  The  porosity  is  high,  but  this  factor  has 
little  significance  when  we  consider  the  size  of  the  pores,  which 
are  sufficiently  large  to  place  the  stone  out  of  danger  from  frost 
imder  ordinary  conditions.  The  stone  should  be  laid  on  the 
bed,  and  care  should  be  taken  not  to  shatter  the  stone  by  use  of 
heavy  tools  in  dressing  or  quarrying. 

The  buildings,  in  the  construction  of  which  the  Dunnville 
sandstone  has  been  used,  thus  far  show  no  deterioration.  The 
color  is  very  pleasing,  and  no  stone  takes  a  better  rock  face 
finish,  or  is  cut  and  carved  with  better  effect.  The  future  of 
the  industry  at  this  place  depends  upon  a  number  of  factors,  the 
principal  of  which  is  the  facility  with  which  the  stone  can  be 
quarried.  There  is  certainly  an  abundance  of  stone,  but  the 
heavy  stripping,  the  accumulation  of  rip-rap,  and  the  crude 
methods  of  quarrying  are  hindrances  to  successful  operation. 

BABABOO   ABEA. 

In  the  Baraboo  area  quarries  have  been  opened  in  both  the 
Potsdam  sandstone  and  the  pre-Cambrian  quartzite.  The  quar- 
ries in  the  Potsdam  of  this  area  furnish  some  of  the  strongest 
and  most  durable  sandstone  quarried  in  the  state.  The  stone 
which  is  quarried  for  shipping  is  obtained  mainly  at  Ablemans. 
Other  quarries  are  located  in  the  vicinity  of  Baraboo  and  La- 
Valle.  The  sandstone  in  the  different  quarries  differs  greatly  in 
color.  That  which  is  quarried  at  Ablemans  is  either  white  or 
yellowish  brown,  while  that  from   LaValle  is  a  brilliant  red. 
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The  quarries  of  Ablemans  are  located  on  outliers  of  the  Pots- 
dam sandstone,  in  and  about  the  Earaboo  quartzite  bluffs.  The 
quarries  at  Baraboo  and  LaValle  are  situated  in  the  main  Pots- 
dam area. 

Since  the  stone  and  the  uses  to  which  it  is  put  are  essentially 
different  in  each  of  these  places,  they  will  be  considered  separ- 
ately. 

Quarries    at    Ablemans. 

The  quarries  at  Ablemans  are  located  immediately  adjacent 
to  the  C.  &  I^.  W.  Ry.,  and  in  close  proximity  to  the  quartzite 
outcrops  of  the  Baraboo  bluffs.  (See  Plate  XXXVI.)  The 
quarries  are  owned  and  operated  by  three  different  parties,  the 
C.  &  N.  W.  Ry.  Co.,  Wm.  Gall,  and  Ernest  Tultz.  The  oper- 
ations of  the  first  mentioned  are  the  most  extensive.  The  color 
of  the  sandstone  is  either  pure  white  or  a  yellowish  brown.  It 
is  often  very  hard,  being  in  some  places  quite  similar  to  quartz- 
ite. In  other  places  it  is  less  firmly  cemented,  and  consequently 
much  more  friable.  On  account  of  its  refractory  nature,  the 
rock  is  often  difficult  to  dress,  but  when  finished  the  surface  has 
a  very  pleasing  effect.     The  rock  is  medium  to  coarse  grained. 

Laboratory   Examination. 

Microscopical  Examination. — The  microscopical  examina- 
tion  of  the  rock  shows  that  it  is  composed  of  roundish  grains  of 
quartz,  which  have  been  occasionally  enlarged  by  secondary, 
growths  and  cemented  with  silica.  The  grains  are  generally  of 
uniform  size  and  fairly  well  rounded,  as  shown  in  Plate 
LXVII.,  Fig.  2. 

Chemical  Analvsis. — The  chemical  analysis  of  the  white 
sandstone,  as  made  by  Prof.  W.  W.  Daniells,  is  given  in  the  fol- 
lowing table.  In  one  hundred  parts  by  weight,  the  rock  con- 
tains : 

Si  O  9864 

k?>\\ ^0 

99.74 
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This  analysis  shows  that   the  rock   is  composed  essentially  of 
flilica,  there  being  only  1.10  per  cent,  of  other  constituents. 

Physical  Tests. — The  physical  tests  which  were  made  upon 
samples  from  the  C.  &  jS".  W.  Ry.  Co.'s  quarries  show  that  the 
atone  is  eminently  suited  for  heavy  constructional  work. 

The  crushing  strength  averages  over  10,000  lbs.  per  sq.  inch^ 
which  is  higher  than  that  of  any  other  sandstone  from  Wiscon- 
sin, that  was  tested  in  the  preparation  of  this  report.  The 
modulus  of  rupture,  which  ranges  from  845-1324  lbs.  per  sq. 
in.,  indicates  that  the  stone  is  also  well  suited  for  caps  and  sills. 
The  specific  gravity  and  porosity  of  the  rock  are  given  in  Chap- 
ter VIII.,  Table  V.  The  average  specific  gravity  is  2.574:, 
while  the  average  percentage  of  water  absorbed  is  2.63  per  cent. 
The  average  porosity  is  7.12  per  cent.,  which  is  exceptionally 
low  for  a  medium  grained  sandstone.  A  sample  of  the  sand- 
stone, subjected  to  extreme  heat,  was  not  injured  at  a  tempera- 
ture of  1,000°  F.  At  a  temperature  of  1,200°  F.,  the  sample 
gave  some  evidence  of  cracking,  and  when  cooled  it  had  the  pe- 
culiar ring  characteristic  of  brick.  The  strength  was  mostly 
gone.  Samples  of  the  stone  were  not  received  in  time  to  test 
for  the  effects  of  alternate  freezing  and  thawing,  but  it  is  evi- 
dent from  the  medium  size  of  the  pores  and  the  low  porosity, 
that  the  stone  will  not  be  materially  injured  by  alternate  freez- 
ing and  thawing,  under  ordinary  conditions. 

General  Considerations, 

The  results  of  the  laboratorv  tests  show  that  the  stone  is  ad- 
mirably  suited  to  the  purposes  for  which  it  is  being  used,  mainly 
heavy  constructional  work  in  the  shape  of  bridges,  arches,  and 
foundations. 

The  stone,  as  it  occurs  in  the  quarries,  gives  no  indication  of 
bedding,  being  essentially  solid  throughout  the  quarry.  The 
jointing  is  different  in  each  of  the  quarries,  but  is  generally  not 
so  close  but  that  blocks  of  almost  anv  dimension  can  be  taken 
from  the  different  ledges.  The  stone  should  be  laid  on  the  bed, 
although  the  apparent  absence  of  bedding  places  makes  this  less 
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imperative  than  in  other  sandstones.  The  absence  of  bedding 
planes  makes  the  stone  especially  desirable  for  work  near  what 
is  known  as  the  water  line,  where  the  freezing  of  the  water  often 
breaks  the  stone  into  thin  laminae. 

C.   &  N.   W.   RY.   CO.'S  QUARRY. 

The  C.  &  N.  W.  Ry.  Co.  have  made  three  openings  about  half 
A  mile  north  of  the  station.  It  is  from  only  one  of  these  open- 
ings that  white  sandstone  is  quarried.  In  this  opening  the  stone 
is  only  occasionally  discolored  by  streaks  of  iron  oxide.  The 
quarry  face  at  this  place  is  about  50  ft.  high,  with  a  length  of 
about  200  ft.  The  stone  is  essentially  massive,  bedding  planes 
being  made  out  only  after  the  most  careful  scrutiny.  The 
stratification  planes  are  so  faint  that  quarrymen  cannot  make 
use  of  them  in  their  work. 

The  cost  of  cutting  and  dressing  the  stone  is  about  the  same 
as  that  required  for  cutting  and  dressing  granite,  but  on  account 
of  its  freedom  from  impurities  and  essentially  uniform  texture, 
it  will  probably  prove  more  durable  than  granite.  For  this 
reason  it  is  to  be  preferred  to  many  of  the  igneous  rocks.  The 
company  uses  the  stone  from  this  opening  for  its  best  and  heav- 
iest masonry  work. 

The  second  opening  is  immediately  south  of  the  one  just  de- 
scribed. The  color  of  the  stone  quarried  from  this  opening 
varies  from  a  reddish  brown  to  a  light  pinkish  brown,  being 
sometimes  streaked  brown  and  white.  The  major  part  of  the 
stone  has  a  uniformly  light  brown  color.  Near  the  surface,  the 
stone  is  very  much  fractured  by  two  sets  of  joints,  one  of  which 
strikes  X.  55**  E.  The  other  set  strikes  diagonally  across  the 
first  at  very  irregular  intervals,  and  in  uncertain  directions. 
These  jointing  planes  break  the  stone  into  blocks,  which  fre- 
quently attain  a  size  of  6  ft.  by  2  J  ft.  by  3  or  4  ft.  Where  the 
jointing  is  much  closer,  the  blocks  are  of  correspondingly  smaller 
size.  The  stone  has  no  rift,  and  splits  in  a  very  irregular  and 
uncertain  manner,  often  making  it  difficult  to  work  the  quarry 
to  advantage.     The  stone  dresses  fairly  well,  but  is  not  as  strong 
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or  as  well  indurated  as  that  which  is  quarried  from  the  previous* 
opening.  It  works  more  readily,  and  is  less  expensive  than  the- 
white  sandstone ;  but  is  almost  equally  as  good  for  bridge  work. 

A  third  opening  has  been  made  a  short  distance  east  of  the 
last,  to  which  a  short  railroad  spur  has  been  run  from  the  main 
track.  The  stone  is  very  similar  to  that  which  is  quarried  from 
the  last  described  opening,  but  has  a  somewhat  lighter  color  and 
the  joints  are  less  abundant. 

The  company  has  lately  employed  as  many  as  100  men  at  the- 
different  openings.  The  stone  is  too  hard  for  ordinary  channel- 
ing, and  cannot  be  satisfactorily  worked  by  wedging.  For 
these  reasons,  it  is  extracted  mainly  by  blasting.  The  stone  is 
so  well  cemented  that  it  is  injured  very  little  when  light  charges 
are  used  in  moving  the  blocks.  Steam  drills  and  steam  derricks- 
are  used  in  the  quarry. 

This  stone  is  now  being  used  almost  exclusively  for  bridge 
abutments,  culverts,  arches,  retaining  walls,  and  rip-rap  work 
along  the  line  of  the  C.  &  N.  W.  Ry.  The  stone  has  also  been 
used  for  bridge  work  in  Chicago,  where  it  is  considered  one  of 
the  best  stones  obtainable  for  this  purpose.  The  difficulty  in 
working  the  stone  is  compensated  for  by  its  durability  and 
strength,  which  are  far  above  those  o^  the  average  stone.  There 
is  probably  no  stone  quarried  which  is  more  suitable  for  railroad 
work,  or  which  will  last  a  greater  number  of  years,  than  that 
which  is  quarried  by  the  C.  &  N.  W.  Ry.  Co.  at  this  locality. 

gall's  quabby. 

Gall's  quarry  is  located  immediately  west  of  the  Baraboo 
river,  almost  opposite  the  quarries  of  the  C.  &  N.  W.  Ry.  The 
stone  is  taken  from  a  single  opening,  and  has  either  a  light 
or  dark  reddish  brown  color.  The  lower  beds  in  the  quarry  are 
almost  white,  but  somewhat  streaked.  The  stone  is  bedded  and 
much  more  easily  quarried  than  the  stone  worked  by  the  C.  &  N. 
W.  Ry.  Co.     It  is  also  softer  and  much  more  easily  dressed. 

The  face  of  the  quarry  is  from  50  to  60  ft.  high,  without  any 
apparent  floor.     The  stone  is  quarried  from  the  top  to  the  bot- 
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torn  of  the  ledge,  and  no  attempt  is  made  to  work  back  into  the 
hill.  The  joints  strike  X.  55°  E.  and  N.  30°  W.  The  first  set 
is  the  more  important,  and  the  direction  varies  least.  The  sec- 
ond set  is  very  irregular,  and  the  strike  varies  considerably  in 
direction.  The  stone  from  this  quarry  has  been  used  very 
largely  for  foundation  purposes,  but  is  not  quarried  to  any  ex- 
tent for  building.  The  quarrying  is  done  mainly  by  drilling 
and  wedging.  The  stone  is  moved  with  hand  derricks,  and  the 
drilling  is  mainly  done  by  hand.  In  these  days  when  steam  is 
so  universally  used  to  furnish  power  for  quarrying,  the  man 
who  uses  muscle  instead,  is  placed  at  a  great  disadvantage. 

TULTZ'S    QUARRY. 

The  quarry  operated  by  August  Tultz  is  located  a  short  dis- 
tance west  of  Ablemans.  The  stone  from  this  quarry  is  essen- 
tially the  same  as  that  from  the  quarries  just  described.  It  ha» 
been  used  mainly  for  monument  bases,  although  some  stone  has 

also  been  used  for  building  foundations. 

•9f  *  *  *  *  * 

In  general,  the  sandstone  from  this  locality  is  suited  for 
bridge  abutments,  piers,  foundation  work,  and  other  heavy 
constructional  purposes.  The  stone  is  not  easily  worked,  and 
is  dressed  only  with  some  difficulty,  for  which  reason  it  is  more 
costly  than  the  sandstone  from  other  quarries  in  this  state.  It 
is  very  probable  that  the  stone  will  never  be  used  extensively, 
except  for  the  purposes  for  which  it  is  now  being  used  by  the 
C.  &  N.  W.  Ey.  Co.  For  these  purposes  the  stone  ought  to  have 
a  large  demand,  because  no  sandstone  is  quarried  in  this  state 
which  combines  better  the  two  qualities  of  strength  and  dura- 
bility. 

^narrlea  at  Baraboo. 

The  Baraboo  quarries  have  been  operated  almost  exclusively 
for  local  purposes.  The  stone  differs  locally  in  color  and  hard- 
ness, but  in  most  of  the  quarries  has  a  yellowish  brown  or  buff 
color.  In  certain  places  the  stone  is  thoroughly  indurated  and 
almost  as  refractory  as  quartzite,  while  in  others,  closely  adja- 
centy  it  is  soft  and  friable.  Whether  the  stone  is  soft  or 
thoroughly  indurated  depends  very  largely  upon  the  amount  of 
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siliceous  cement,  which  has  been  deposited  in  the  interstices  of 
the  rock. 

The  two  principal  quarries  are  located  a  little  southwest  of 
the  limits  of  the  city  of  Baraboo,  on  the  SW.  J  of  Sec.  2,  T.  11 
N.,  E.  6  E.  The  stone  is  of  medium  hardness  and  can  be  cut  and 
dressed  with  comparative  ease.  The  main  quarry  is  on  the  land 
owned  by  the  Levi  Crouch  estate,  and  on  the  land  immediately 
adjacent  is  the  quarry  owned  by  Smith  Jennings.  The  color 
of  the  stone  is  nearly  white,  with  a  tinge  of  yellow.  These  quar- 
ries furnish  most  of  the  stone  used  in  the  foimdations  for  resi- 
dences and  business  places  in  the  city  of  Baraboo.  The  War- 
ner Hotel  and  several  other  buildings  have  been  constructed  out 
of  the  sandstone  from  Crouch's  quarry. 

The  supply  of  stone  at  this  place  is  almost  unlimited.  The 
stripping  is  light,  not  exceeding  6  ft.  The  quarry  has  well  de- 
veloped joints,  which  are  sufficiently  far  apart  to  permit  the 
quarrying  of  large  dimension  blocks.  The  beds  are  very  heavy, 
and,  for  this  reason,  some  difficulty  might  be  experienced  in 
working  the  ledge  for  cheap  stone.  The  stone  has  been  quarried 
mainly  by  the  use  of  powder  or  dynamite,  by  which  method 
much  stone  has  been  shattered  and  destroyed. 

An  abundance  of  sandstone,  similar  in  texture  and  color  to 
that  which  is  quarried  adjacent  to  Baraboo,  occurs  about  five 
miles  northeast  of  the  city.  Small  openings  have  been  made, 
and  the  stone  quarried  for  local  consumption.  The  great  dif- 
ficulty in  this  locality  is  to  obtain  sandstone  which  is  moderately 
hard.  It  must  not  be  so  refractory  that  dressing  will  be  expen- 
sive, nor  so  soft  that  it  will  crumble  under  the  chisel.  A  sand- 
stone of  medium  texture  and  of  medium  hardness  is  best 
adapted  to  economical  working. 

In  general,  there  is  an  abundance  of  sandstone  in  the  vicinity 
of  Baraboo,  which  is  satisfactory  for  all  local  purposes,  being 
far  better  than  that  which  is  often  used  in  larger  cities.  Were 
it  not  for  the  refractory  nature  of  much  of  the  sandstone  of  this 
locality,  it  might  be  profitably  quarried  for  shipment  to  other 
^cities. 
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QUARRY  AT  LA  VALLE. 

Four  miles  north  of  the  village  of  LaValle,  in  Sauk  county,  i^ 
a  quarry  of  red  sandstone  owned  by  E.  A.  Grover.  The  quarry 
has  not  yet  been  developed,  but  a  small  amoimt  of  stone  has  been 
taken  out  for  the  purpose  of  obtaining  fresh  samples  of  the  rock. 
The  stone  has  a  brilliant  red  color,  but  is  often  variegated  with 
streaks  of  white. 

The  quarry  is  located  on  a  somewhat  abrupt  escarpment, 
formed  by  a  small  creek  which  flows  through  the  valley.  It  is 
diflicidt  to  estimate  the  amount  of  uniformly  red  stone  which  can 
be  obtained  at  this  place,  but  apparently  it  follows  along  the 
bluff  for  a  considerable  distance. 

The  dimensions  which  it  is  possible  to  obtain  are  suflSciently 
large  for  ordinary  building  or  bridge  construction.  The  stone 
was  examined  in  the  laboratory  of  the  Survey,  and  thoroughly 
tested  to  determine  its  composition,  strength,  and  durability. 

Lahoraiory  Examination, 

Microscopical  Examination. — The  microscopical  examination 
of  the  thin  section  shows  the  stone  to  consist  of  beautifully 
rounded  grains  of  quartz,  which  have  been  secondarily  enlarged, 
a3  suggested  by  the  glittering  faces  of  the  particles  in  the  hand 
specimen,  as  they  reflect  the  rays  of  sunlight.  The  texture  is 
somewhat  finer  than  that  of  the  Lake  Superior  brownstone  but 
the  individuals  are  apparently  well  cemented  with  silica.  The 
brilliant  red  coloring  is  occasioned  by  the  presence  of  an  abun- 
dance of  red  iron  oxide,  which  is  irregularly  distributed  through 
the  rock,   coating  many   of   the   grains.      (See   Plate  LXVI., 

Fig.l.) 

Physical  Tests.i — Two  inch  cubes,  which  were  crushed  in  the 

testing  machine,  gave  a  crushing  strength  of  13,350  lbs.  per  sq. 
inch,  and  11,460  lbs.  per  sq.  inch,  respectively.  (See  Chapter 
VIII.,  Table  II.)  The  modulus  of  rupture  of  the  sample  tested 
was  362.9  lbs.  per  sq.  inch,  considerably  below  the  average  for 
sandstone.  The  specific  gravity  of  the  rock,  given  in  Table  V., 
is  2.643.     The  average  ratio  of  absorption  is  4.6j^,  while  the 
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porosity  is  10.81;^.  Table  VI.  shows  that  the  loss  in  weight, 
due  to  alternate  freezing  and  thawing,  was  scarcely  anything  on 
masses  of  150  and  130  grams,  respectively.  The  diflFerence  in 
the  strength  of  the  fresh  and  frozen  samples,  as  indicated  in 
Table  VII.,  must  be  partially  at  least  accoimted  for  by  irregu- 
larities in  the  shape  of  the  cubes  tested. 

Samples  subjected  to  high  temperatures  were  but  little  af- 
fected at  800°  F.  At  1000°  F.  the  color  was  changed  almost  to 
black,  and  the  strength  was  essentially  gone.  At  1100°  F.  the 
sandstone  was  destroyed.  The  samples  did  not  crack,  but  after 
cooling  they  crumbled  into  sand  when  pressed  between  the  fin- 
gers.    (See  Plate  LVIL) 

These  laboratory  tests  are  sufficient  to  indicate  that  the  stone 
is  suited  to  a  variety  of  constructional  uses.  For  buildings, 
foundations,  bridge  abutments,  culvert  work,  and  retaining  walls 
the  stone  can  be  used  to  good  advantage. 

MiscellaneouB  Areas. 

Throughout  the  entire  Potsdam  sandstone  region,  wherever 
there  is  no  other  available  rock,  small  quarries  have  been  opened 
in  this  formation  to  furnish  stone  for  local  demands.  Among 
the  quarries  which  have  been  inspected  in  this  region,  the  fol- 
lowing is  a  nearly  complete  list : 

Neillsville — ^D.  B.  Means,  Peter  Marks,  Wm.  Lapp,  and 
Hemp  and  BOachy. 

Stevens  Point — Patrick  Connor. 

Grand  Kapids — Mrs.  Henry  Osterman,  Fred  Gailer,  Wm. 
Tetter. 

Centralia — John  Collier,  C.  A.  Bender,  John  Lindahl. 

New  London — Albert  G.  Westphal,  Frank  Monskey,  August 
Paul,  Wm.  McDonald. 

Black  Eiver  Falls — ^E.  L.  Brockway. 

Alma  Center — Almond  Cray,  Mr.  Wheeler. 

Durand — John  Poeschl,  P.  E.  Hardy. 

Sparta — ^Mr.  Pope. 
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Portland — John  McCormack,  George  Yergus. 
Goodyear — Saddle  Mound  Sandstone    Co.,    Mr.    Levi    P, 
Withee,  La  Crosse,  President. 

NEILLSVILLE    AKEA. 

The  sandstone  in  the  vicinity  of  Neillsville  has  been  used  only 
for  foundation  purposes,  most  of  it  being  taken  from  the  large 
blocks  near  the  base  of  the  bluffs  kno\vn  as  the  Mounds.  The 
bluffs  are  two  or  three  miles  northwest  of  the  city,  and  rise  to  a 
height  of  about  100  feet  above  the  level  of  the  country.  The 
sandstone  in  this  vicinity  shows  two  quite  conspicuous  sets  of 
joints,  which  strike  about  N.  10^  to  25^  E.,  and  N.  65°  W. 

Where  exposed  at  the  surface  to  weathering  action,  the 
rock  is  almost  as  hard  as  quartzite,  and  is  covered  with  a  thick 
growth  of  lichens.  When  the  crust,  which  generally  forms  on 
the  surface,  is  broken,  the  sandstone  beneath  has  a  decided  ten- 
dency to  crumble.  This  crumbling  is  characteristic  of  much  of 
the  sandstone,  and  makes  it  difficult  to  dress.  The  color  is 
mainly  white,  but  it  is  often  streaked  with  red  and  brown  iron 
oxide.  There  is  an  abundance  of  this  sandstone,  easily  accessi- 
ble, in  this  vicinity,  but  it  is  suited  only  to  the  roughest  kind  of 
foundation  work.  The  stone  is  mostly  quarried  by  D.  B. 
Means,  Peter  Marks,  and  Wm.  Lapp,  each  of  whom  own  quar- 
ries in  this  vicinity. 

In  the  town  of  Pine  Valley,  three  miles  from  Neillsville,  is  lo- 
cated a  quarry  owned  by  Fred  Hemp  and  Ferd.  Ilrachy.  This 
quarry  was  opened  in  1880,  and  has  been  operated  each  year 
since.  The  opening  from  which  the  stone  is  taken  is  of  consid- 
erable size,  and  is  surrounded  by  200  acres  of  land  owned  by 
the  company.  The  stone  has  been  supplied  mainly  for  build- 
ing, foimdation,  and  pier  construction. 

STEVENS    POINT    ABEA. 

The  only  quarry  examined  at  Stevens  Point  is  the  one  owned 
by  Pat  Connor.  This  quarry  is  located  just  west  of  the  Wiscon- 
sin river  on  the  outskirts  of  the  city.     The  quarry  consists  of 
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two  openings,  the  first  of  which  is  about  110  ft.  long,  90  ft.  wide 
and  25  ft.  deep.  The  second  opening  is  very  irregular  in  ahape^ 
but  is  considerably  larger  than  the  first,  having  a  back  wall  of 
about  700  ft.  The  first  opening  has  been  abandoned  for  some 
time,  on  account  of  the  heavy  stripping,  which  is  about  12  feet 
thick. 

The  rock  is  distinctly  bedded,  the  layers  being  from  1  to  2^ 
ft  in  thickness.  The  stone  becomes  very  hard  upon  exposure, 
and,  as  a  rule,  does  not  dress  well,  on  account  of  its  crumbly  na- 
ture. The  second  opening  shows  three  feet  of  soil  and  broken 
stone  at  the  top,  which  is  classed  as  stripping.  Below  this  oc- 
curs 5  ft.  of  hard  white  sandstone,  which  has  been  used  mainly 
for  the  finer  class  of  work.  This  layer  of  stone  is  hard,  and  is 
the  only  one  in  the  quarry  which  can  be  successfully  cut  and 
dressed. 

The  jointing  planes  are  discolored  with  iron  oxide,  which  has 
filtered  along  the  cracks,  and  when  the  stone  is  not  dressed  be- 
fore being  placed  in  the  buildings  a  bad  effect  is  produced.  By 
careful  dressing  and  laying  the  surfaces  which  are  discolored 
might  be  concealed  within  the  wall. 

Below  this  bed  occurs  5  ft.  3  in.  of  shaly  material,  which  is 
classed  as  stripping.  Below  this  there  are  17  ft.  8  in.  of  heavily 
bedded  sandstone.  In  places  the  stone  has  an  almost  blue  color,. 
which  is  characteristic  of  sandstone  firmly  cemented  with  silica. 
The  stone  is  difficult  to  cut  on  account  of  either  its  incoherent  or 
refractory  nature.  From  the  heavier  beds  in  the  quarry,  stone 
can  be  easily  gotten  out  in  blocks  from  8  in.  to  2  ft.  in  thickness. 
The  major  joints  strike  almost  north  and  south,  varying  not 
more  than  10°  east  or  west.     The  second  set  strikes  N.  40°  E. 

The  stone  from  this  quarry  has  been  used  in  the  construction 
of  the  Court  House,  and  in  the  walls  of  several  of  the  business 
blocks  at  Stevens  Point.  The  stone  is  durable,  and  will  last  for 
centuries,  but  the  difficulty  experienced  in  cutting  and  dressing 
it,  combined  with  its  rough  appearance  in  the  wall,  make  it  un- 
desirable where  beauty  is  one  of  the  considerations. 

The  stone  in  this  locality  is  excellent  for  rough  foundation  op 
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footing  purposes,  and  ought  to  supply  the  local  market  with 
stone  for  all  but  the  finer  constructional  work. 

OBAND  BAFID8  AND  OEHTBAUA  ASEA. 

The  quarries  in  the  vicinity  of  Grand  Rapids  and  Centralia 
are  all  in  the  Potsdam  sandstone,  which  is  the  underlying  rock 
of  most  of  the  surroimding  country.  There  are  six  quarries  in 
this  vicinity,  some  of  which  were  opened  as  early  as  1865r 
Others  were  not  opened  until  1884  and  1887.  The  same  diver* 
sity  of  texture  and  hardness  prevails  in  this  area,  as  elsewhere 
in  the  Potsdam  sandstone.  The  stone  from  certain  of  the  quar- 
ries is  so  thoroughly  indurated  that  it  resembles  a  quartzite, 
while  the  stone  from  other  quarries  is  soft  and  friable  and  un- 
suitable for  any  kind  of  constructional  work.  As  a  rule,  the 
stone  is  yellowish  or  buff  colored,  but  in  some  instances  it  is  al- 
most white.  The  sandstone  is  medium  to  coarse  grained,  and  is 
ordinarily  cemented  with  silica.  It  is  quarried  entirely  to  sup- 
ply local  demands. 

Some  of  the  quarries  are  worked  only  during  the  winter 
months,  others  during  the  fall,  while  others  are  worked  during 
the  entire  year.  The  facilities  for  quarrying  are  of  the  simplest 
kind,  blasting  and  wedging  being  the  methods  used  in  extracting 
the  stone.  Hand  derricks  are  occasionally  used  in  hoisting  the 
stone  from  the  quarry  to  the  wagons,  but  outside  of  this  the 
quarries  are  very  meagerly  equipped. 

Laboratory  Examination. 

Physical  Tests. — Samples  of  the  stone  taken  from  the  quarry^ 
owned  by  C.  A.  Bender,  of  Centralia,  were  tested  to  determine 
the  physical  characteristics  of  the  rock.  The  average  specific 
gravity  of  the  stone  was  determined  to  be  2.625.  The  ratio  of 
absorption  is  6.57j^,  and  the  porosity  is  14.83j<,  which  is  less 
than  that  absorbed  by  the  Lake  Superior  brownstone.  Cubes 
of  the  sandstone  were  subjected  to  alternate  freezing  and  thaw- 
ing, with  the  results  given  in  Chapter  VIII.,  Tables  VI.  and 
VII.  The  loss  in  weight  was  about  .06  of  a  gram  on  a  mass  of 
16 
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over  275  grams,  which  is  a  practically  inappreciable  amount, 
when  possible  errors  in  manipulation  are  taken  into  considera- 
tion. The  average  crushing  strength  of  the  rock,  after  haying 
been  subjected  to  alternate  freezing  and  thawing,  was  8,233  lbs. 
per  sq.  inch,  which  is  above  the  average  compressive  strength  of 
•ooarse  grained  sandstone. 

Oeneral  Considerations. 

As  far  as  strength  and  durability  are  concerned,  the  best  stone 
taken  from  these  quarries  is  perfectly  satisfactory  for  construc- 
tional purposes.  The  main  objection  to  the  stone,  as  has  been 
previously  noted,  is  the  difficulty  experienced  in  cutting  and 
'dressing.  Unless  the  cementing  material  is  of  intermediate 
•character,  the  stone  will  either  be  too  refractory  for  easy  work- 
ing, or  so  soft  that  it  crumbles  under  the  chisel. 

Description   of    Individual    QuarrieB. 

A  very  considerable  amount  of  stone  has  been  taken  from  the 
different  quarries  in  this  vicinity,  some  idea  of  which  may  be  ob- 
tained from  the  descriptions  of  the  various  openings. 

LIin>AHL's    QUABBY. 

The  quarry  owned  and  operated  by  John  Lindahl,  located 
about  five  miles  north  of  Centralia,  is  of  irregular  shape,  about 
195  ft.  long,  195  ft.  wide,  and  23  ft.  deep.  Most  of  the  stone 
is  thinly  bedded,  the  different  layers  ranging  from  2  inches 
at  the  top  to  1  ft.  4  in.  in  the  lower  parts  of  the  quarry.  The 
stone  is  broken  by  two  prominent  sets  of  joints,  striking  N.  50*^ 
E.  and  N.  25°  W.  It  has  a  brown  to  brownish  white  color,  and 
has  been  used  mainly  for  basements,  buildings,  stepping  blocks^ 
and  hitching  posts. 

bender's  quabby. 

The  quarry  owned  and  operated  by  C.  A.  Bender  is  located 
about  a  mile  and  a  half  west  of  Centralia.  The  quarry  con- 
sists of  two  openings,  the  larger  of  which  is  about  180  ft.  long^ 
100  ft.  wide,  and  15  ft.  deep.     The  stone  is  medium  grained. 


GRAND  RAPIDS  AND     CENTRALIA  AREA.  243 

and  has  a  yellowish  color.  In  some  parts  of  the  quarry  it  is 
very  soft,  while  in  others  it  is  comparatively  hard.  The 
quarry  is  intersected  by  joints  which  strike  N.  25^  W.  and  N. 
60^  E.  The  upper  10  ft.  in  the  quarry  are  very  much  broken 
up  and  the  stone  is  classed  mainly  as  stripping.  The  lower  14rJ 
ft.  are  composed  of  quite  massi  e  beds,  ranging  from  3  to  4^  ft. 
in  thickness.  Blocks,  10  ft.  by  2  ft.  by  1  ft.,  are  quite  easily 
obtainable,  and  are  generally  uniform  in  color  and  free  from 
imperfections.  The  stone  from  ^his  quarry  was  tested  in  the 
Survey  laboratory,  and  the  results  will  be  found  in  the  tables 
in  Chapter  VIII. 

Several  small  buildings  have  be'^^  constructed  out  of  stone 
from  this  quarry,  but  the  brown  discoloration,  occurring  on  the 
face  of  occasional  blocks  in  the  wall,  mars  scmewhat  the  other- 
wise pleasing  appearance  of  the  building.  Among  the  local 
buildings  into  which  the  stone  has  gone  are  the  Grand  Rapids 
Furniture  Factory,  the  Oberbeck  Furniture  Factory  of  Centra- 
lia,  the  Centralia  House  of  Grand  Rapids,  the  Daly  brick  block 
of  Centralia,  and  the  Unity  church  of  Centralia.  Small  dimen- 
sion blocks  have  been  used  in  the  construction  of  these  buildings, 
and  it  is  thought  that  the  appearance  would  have  been  much  bet- 
ter had  the  blocks  been  of  a  larger  size.  The  quarry  is  prepared 
to  furnish  stone  for  basements,  piers,  hitching  posts,  and  all 
kinds  of  building  purposes. 

Statistical  Data. 

Amount  ol  capital  invested  in  equipment:    $100.00. 

Facilities  at  hand  for  quarrying:    Drills,  wedges,  hammers,  and  bars. 

Average  number  of  employees:    From  2  to  6. 

Wages  paid  different  classes  of  employees:  $1.00  to  $1.50. 

ostebman's  quabby. 

The  quarry  owned  by  Mrs.  Henry  Ostennan  of  Centralia,  and 
operated  by  Henry  Eberhardt,  is  located  about  5  miles  east  of 
the  city.  The  opening  is  about  250  ft.  long,  100  ft.  widB,  and  2 
ft.  deep.  The  stone  is  much  broken  up  by  joints  which  strike 
N.  G5^  W.  and  N.  35^  E.     To  all  appearances,  the  stone  can  be 
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gotten  out  only  in  thin  blocks  of  small  size.  The  stone  has  been 
used  in  the  Howe  High  School,  the  Court  House,  and  Grand 
Army  Hall  of  Qrand  Rapids. 

Statistical  Data. 

Amount  of  capital  invested:  $200.00. 
ATeraffe  number  of  employees:  Two. 
Wages  paid  different  classes  of  employees:    $1 .  50. 

tetter's   quabbt. 

The  quarry  owned  and  operated  by  Wm.  C.  Tetter  is  located 
about  5  miles  east  of  Grand  Rapids.  This  quarry  consists  of 
two  openings,  one  of  which  is  about  200  ft  long,  50  ft.  wide,  and 
30  ft.  deep.  The  second  opening  is  30  ft.  long,  20  ft.  wide,  and 
10  ft  deep.  The  stone  has  the  same  general  characteristics  as 
the  previously  described  quarries,  and  is  used  for  buildings,, 
piers,  and  paving. 

Statistical  Data. 

Amount  of  capital  invested:   $1,500.00. 

Facilities  at  hand  for  quarrying:   1  hand  derrick. 

Average  value  per  cubic  foot:    Building,  $.02;  paving,  $.05. 

Shipments  for  the  past  two  years:    1894, 110  cds.    1896, 150  cds. 

collier's   quakby. 

Another  small  quarry  in  this  vicinity,  owned  by  John  Collier 
of  Centralia,  furnishes  stone  which  does  not  differ  essentially 
from  that  of  the  other  quarries. 

In  general,  the  sandstone  of  this  area  is  suited  mainly  for 
foundations,  culverts,  piers,  monument  bases,  hitching  posts^ 
and  similar  uses.  The  stone  is  practically  unlimited  in  quan- 
tity, but  will  probably  never  be  used  for  anything  but  local  con- 
sumption. 

NEW    LONDON    ABEA. 

The  stone  quarried  in  the  vicinity  of  New  London  is  taken 
mainly  from  the  upper  beds  of  the  Potsdam  sandstone  and  the 


ALMA   CENTER  AND  DURAND  AREAS.  245 

lower  beds  of  the  Lower  Magnesian  limestone.  The  quarries, 
from  which  stone  is  exploited  to  meet  the  local  demands,  are 
operated  by  Albert  G.  Westphal,  Frank  Monskey,  August  Paul, 
and  Wm.  McDonald.  The  stone  is  used  mainly  for  foundation 
purposes.  It  has  a  yellowish  color,  and  shows  the  same  varia- 
tions in  texture  as  the  sandstone  from  other  localities.  The 
quarries  are  about  four  miles  east  of  the  city. 

BLACK    BIVEB   FALLS    ABEA. 

The  Potsdam  sandstone  which  outcrops  close  to  the  city  of 
Black  River  Falls  is  used  mainly  for  foundation  purposes.  The 
quarry  is  on  the  east  side  of  the  river,  and  is  owned  by  E.  L. 
Brockway.  The  stone  has  a  yellowish  white  color.  The  joint- 
ing is  very  irregular,  and  the  beds  are  thin.  The  sandstone  in 
this  vicinity  is  less  suitable  for  foundation  purposes  than  the 
granite  and  other  igneous  rocks  which  are  found  in  abundance 
along  the  river. 

ALMA    CENTEB    ABEA. 

The  sandstone  quarried  near  Alma  Center  is  very  similar  to 
that  which  occurs  at  Black  River  Falls.  It  is  quarried  from  the 
upper  beds  of  the  Potsdam  series,  which  cap  the  bluffs  about 
three  miles  south  of  the  city.  The  stone,  which  is  quarried  by 
Almond  Cray  and  Mr.  Wheeler,  is  soft  and  friable,  and  suitable 
only  for  light  foundation  work. 

Statistical  Data  of  the  Cray  Quarry, 

AmouDt  of  capital  invested:  Nothing. 
Average  number  of  employees:  2. 
Wages  paid  different  classes  of  employees:  $1.00. 

Average  value  of  each  grade  per  cubic  foot:    Sold  at  the  quarry  in  the 
rough  at  $2.00  per  cord. 

DUBAND   ABEA. 

The  local  demand  for  foundation  stone  at  Durand  has  been 
supplied  by  two  quarries  owned  respectively  by  John  Poeschl 
and  P.  E.  Hardy.  The  quarry  of  John  Poeschl  is  about  half 
a  mile  south  of  the  city,  at  the  top  of  a  bluff  adjacent  to  the 


246  ^^^  BVILDIXO  8T0yE8  OF  WI8C0N8I2f. 

Chippewa  river.  The  rock  is  much  broken  up,  and  only  suit- 
able for  light  foundation  work.  The  quarry  owned  by  P.  R 
Hardy  is  like\\ase  at  the  top  of  a  bluff,  about  half  a  mile  north- 
east of  the  city.  The  stone  is  somewhat  harder  than  that  at  the 
Poeschl  quarry,  has  a  brown  color,  and  is  somewhat  calcareous. 
The  beds  are  from  G  to  12  inches  thick,  and  are  considerably 
broken  up  by  the  numerous  joints,  which  strike  N^.  67°  E.  and 
N.  30°  W.  The  sandstone  beds  are  interlaminated  with  day. 
The  stone  is  suitable  only  for  ordinary  foundation  work. 

POBTLAND    AREA, 

Two  quarries  are  located  about  two  miles  northwest  of  Port- 
land, one  owned  by  John  McCormick  and  the  other  by  Geo.  Yer- 
gus.  The  upper  beds  of  these  quarries  are  Lower  Magnesian 
limestone,  underneath  which  occur  beds  of  brown  limonitic 
sandstone.  The  stone  is  soft  and  somewhat  streaked  with  iron 
oxide,  being  suitable  only  for  light  foimdation  work. 

SADDLE    MOUND     AREA. 

The  quarry  of  the  Saddle  Mound  Sandstone  Co.  is  located  at 
Saddle  Mound,  Jackson  county.  The  quarry  was  opened  a 
number  of  years  ago  by  a  company,  of  which  Levi  P.  Withee  of 
La  Crosse  was  president.  The  quarry  was  equipped  with  an  en- 
gine and  four  or  five  gang  saws,  and  three  hand  derricks. 
Stone  was  furnished  for  paving,  monument  bases,  and  building 
purposes.  It  was  used  in  the  United  States  Indian  School  and 
other  buildings  at  Tomah,  the  Penitentiary  at  Waupun,  and 
the  C,  M.  &  St.  P.  Ry.  station  at  Whitewater.  The  quarry  has 
not  been  operated  for  a  number  of  years,  owing  to  the  general 
business  depression. 

Statistical  Data. 

Amount  of  capital  invested:  $50,000.00. 

Facilities  at  hand  for  quarrying:   1 12- H.  P.  engine;  4  or  5  gang  saws*  S 
hand  derricks. 
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MADISON   ABEA. 


The  sandstone  quarried  in  the  vicinity  of  Madison  comoB 
mainly  from  the  upper  beds  of  the  Potsdam,  knoTvn  as  the  Madi- 
son sandstone.  The  Madison  sandstone  is  found  in  beds  vary- 
ing from  1  to  2  ft.  in  thickness,  and  can  be  quarried  in  any  rear 
sonable  dimensions  for  small  constructional  purposes.  The 
quarries  are  owned  by  the  City  of  Madison,  David  Stephens,  and 
Edward  Paunack.  In  each  of  these  quarries,  the  stone  has  ea- 
sentially  the  same  characteristics.  The  stone  has  a  light  buff 
color,  and  is  fine  grained  and  calcareous,  approaching  a  soft 
arenaceous  limestone. 

The  stone  cuts  and  dresses  quite  readily,  and  has  been  used 
to  a  very  large  extent  for  basements,  trimmings,  and  walls  to 
buildings  in  the  city  of  Madison.  The  stone  is  quarried  by 
blasting  and  wedging,  and  is  hauled  to  the  city  by  team.  Dif- 
ficulty is  experienced  in  quarrying  stone  of  sufficient  thickness 
to  make  twelve  inch  coursing  stone  across  the  bed.  For  this 
reason  the  stone  in  most  of  the  buildings  thus  far  constructed  has 
been  laid  on  edge. 

This  improper  method  of  laying  the  stone  has  resulted  in  the 
scaling  of  the  stone,  in  the  lower  courses  of  some  of  the  more  im- 
portant public  buildings  of  the  city.  The  stone  has  a  very  pleas- 
ant buff  color,  and  when  properly  quarried  and  dressed  serves 
as  a  very  good  building  material.  The  Ladies'  Hall,  University 
Hall,  and  North  and  South  Halls  of  the  University,  and  several 
of  the  larger  churches  and  business  blocks  in  Madison,  have  been 
constructed  out  of  stone  from  these  quarries. 

BLACK  CBEEK  ABEA. 

At  Black  Creek,  Outagamie  County,  there  is  located  a  small 
quarry  of  brown  or  gray  sandstone  owned  by  Henry  Herman. 
The  stone  occurs  in  layers  from  six  to  twelve  inches  in  thickness, 
about  four  or  five  feet  below  the  surface.  Underneath  the  beds 
at  this  depth,  the  stone  takes  on  a  lighter  color  and  becomes  finer 
grained.  At  a  depth  of  nine  feet  the  beds  reach  a  thickness  of 
twelve  inches. 
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The  sandstone  from  this,  as  well  as  from  many  other  quarries 
of  this  region,  is  very  well  suited  for  side  walks  and  cross  walks. 
It  does  not  have  the  disagreeable  feature  of  wearing  down  to  a 
filippery  surface,  as  is  the  case  with  the  limestone  flags.  It  is 
not  quarried  quite  as  cheaply  as  the  limestone  but,  when  firmly 
compacted  and  well  cemented  with  silica,  it  is  one  of  the  most 
desirable  stones  for  side  walks. 

The  stone  from  this  quarry  is  used  mainly  to  supply  the  local 
demand  for  foundation  stone. 

WE8TP0BT  ABEA. 

At  Westport,  on  the  SE.  i.  Sec.  10,  T.  8,  R.  9  E.,  about  6 
miles  from  Madison,  is  located  a  quarry  from  which  a  beautiful 
buff  colored  stone  was  at  one  time  quarried.  The  stone  taken 
from  this  quarry  was  used  in  the  construction  of  the  Federal 
building  at  Madison,  which  is  in  as  excellent  condition  today,  as 
it  was  when  first  constructed.  It  is  reported  that  the  stone  from 
this  quarry  has  been  practically  exhausted. 

RlfeSUMi. 

In  general,  the  Southern  Potsdam  sandstone  region  contains 
but  little  available  stone,  which  is  suitable  for  fine  construc- 
tional work.  Much  of  the  stone  is  strong  and  durable,  but  on 
account  of  the  cost  of  cutting  and  dressing,  very  little  of  it  is 
suited  for  any  but  rough  foundation,  bridge,  or  pier  work.  The 
exceptions  to  this  rule  are  found  at  Dimnville,  Ablemans,  and 
Madison,  where  very  good  building  stone  is  quarried.  By  se- 
lecting the  best  stone,  at  the  different  localities,  it  is  possible  to 
find  an  abundance  suitable  for  most  local  demands  throughout 
the  region. 

It  is  a  very  mistaken  idea  held  by  some  people  that  any  stone 
which  is  strong  and  durable  is  suitable  for  building  purposes. 
One  ought  to  have  an  appreciation  of  the  beautiful  in  stone 
work,  as  well  as  in  wood  work.  Where  beauty  is  one  of  the 
ends  of  architecture,  coarse,  soft  sandstone,  which  dresses 
poorly,  ought  not  to  be  used.     There  is  an  abimdance  of  more 
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beautiful  stone,  that  is  easily  cut  and  dressed,  in  other  parts  of 
the  state,  which  should  be  used. 

None  of  the  quarries  in  this  region,  except  that  owned  and 
operated  by  the  C.  &  X.  W.  Ry.  Co.,  is  suitably  equipped  for 
quarrying  stone  for  building  purposes.  As  has  been  stated,  the 
quarrving  is  done  mainly  by  blasting  and  wedging,  and  the 
fitone  is  broken  into  the  required  dimensions  by  heavy  hammers 
and  sledges.  In  this  way  much  of  the  stone  is  destroyed,  and 
that  which  is  not  completely  destroyed,  is  unnecessarily  injured. 

THE   ST.   PETERS   SANDSTONE. 

The  St.  Peters  formation,  in  this  state,  contains  much  less 
dimension  stone  and  has  a  much  more  limited  surficial  distri- 
bution than  the  Potsdam,  being  found  only  in  a  comparatively 
narrow  strip,  extending  from  the  Menominee  river,  in  the 
northwestern  part  of  the  state,  in  a  southerly  direction  as  far  as 
the  state  line,  thence  west  as  far  as  the  Mississippi  river.  Small 
outliers  of  the  sandstone  are  found  in  St.  Croix  and  Pierce 
counties,  in  the  western  part  of  the  state.  (See  general  map, 
Plate  I.) 

The  color  of  the  sandstone  is  either  white,  brown,  red,  or 
yellow.  It  is  generally  medium  or  coarse  grained,  and,  as  a  rule, 
is  unconsolidated.  It  is  often  so  friable  that  it  crumbles  easily 
between  the  fingers.  On  account  of  its  soft  friable  character, 
it  is  difficult,  in  most  places,  to  obtain  sound  blocks  of  any  rea- 
sonable size. 

At  only  two  places,  is  the  St.  Peters  sandstone  quarried  to 
any  extent  for  building  or  other  constructional  purposes.  One 
of  these  places  is  Red  Rock,  a  small  station  about  5  miles  east  of 
Darlington,  and  the  other  is  Argyle,  in  the  eastern  part  of  La- 
Pavette  coimtv. 
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DABLIKOTOH  ABSA. 


THE    DARLINGTON    STONE    CO. 

The  quarry  located  at  Red  Rock  is  owned  and  operated  by  the 
Darlington  Stone  Co.     The  beds  of  sandstone  at  this  place  are 
folded  and  show  part  of  a  synclinal  trough   and  an  anticlinal 
dome.     The  uppermost  beds  dip  about  30^  on  one  limb  of  the 
syncline,  and  35°  to  40°   on  the  other.      The  rock  is  faulted 
many  times,  in  a  very  complex  and  interesting  manner.       The- 
color  of  the  stone  is  widely  different  in  different  parts  of  the 
quarry.     The  upper  beds  are  buff  colored ;  the  beds  immediately 
below  are  streaked  with  purple,  white,  and  buff ;  the  beds  below 
these  are  a  brick  red  color,  while  still  lower  occur  various  shades 
of  red  and  purple.     The  stone,  in  the  lower  part  of  the  south 
limb  of  the  synclinal  trough,  has  a  comparatively  imiform  color,, 
a  brilliant  red  with  a  tinge  of  purple.     The  stone  in  other  parts 
of  the  quarry  is  spotted  and  streaked,  alternating  beds  of  purple 
and  buff  being  common. 

The  stone  is  of  medium  hardness,  but  in  places  it  is  somewhat 
shaly.  Lichens  grow  upon  the  surface  of  the  natural  exposures^ 
while  chisel  marks  of  twenty-five  years  ago  are  as  perfect  todays 
as  they  were  when  first  made.  Holes,  drilled  into  the  rock  to 
blast  the  stone  in  making  the  railroad  cut,  are  also  apparently 
as  perfect  as  they  were  when  made  40  years  ago. 

The  variegated  stone  has  found  a  considerable  market  in  Chi- 
cago and  elsewhere,  where  it  is  used  in  random  rubble  walling. 
The  variegated  stone  is  not  channeled,  but  is  blasted  and  sold  in- 
blocks  of  irregular  shape,  ordinarily  known  as  ton  stone.  The- 
stone  thus  quarried  is  placed  in  the  walls,  in  the  most  irregular 
shape,  and  with  as  great  a  variety  of  coloring  as  it  is  possible  to- 
obtain.  The  stone  from  the  beds  that  are  uniformly  colored  is 
channeled  and  sold  in  mill  blocks. 

The  stone  from  this  quarry  has  not  been  tested,  and  none  of 
the  buildings  which  have  been  constructed  out  of  the  stone  have 
been  examined.  From  the  general  appearance  of  the  stone  and 
the  quarry  it  appears  that  a  considerable  amoimt  of  good  dimen- 
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eional  stone  might  be  obtained  for  ashlar  walling,  although  there 
is  a  large  amount  of  undesirable  stone  associated  with  the  better 
grade. 

ABGYLE  ABEA. 

sherrill's  quarry. 

The  quarry  which  is  owned  and  operated  by  E.  F.  and  B.  R. 
Sherrill  is  located  on  the  south  side  of  the  Pecatonica  river  about 
half  a  mile  west  of  the  depot  at  Argyle.  The  stone  is  of  essen- 
tially the  same  quality  and  has  the  same  variegated  coloring,  a& 
that  which  is  quarried  at  Red  Rock.  The  quarry  has  quite 
heavy  stripping,  and  a  considerable  percentage  of  poor  stone,  all 
of  which  it  is  necessary  to  remove  in  order  to  quarry  the  better 
grade  of  stone  underneath.  The  strata  at  this  place  constitute 
the  limb  of  a  fold,  which  dips  about  15°  southeast.  Faulting  is 
very  common. 

The  uppermost  beds,  20  ft.  in  thickness,  have  a  yellowish 
brown  color.  The  color  of  the  stone  in  the  beds  below  these  is 
reddish  brown,  brick  red,  and  purple. 

Two  gang  saws  have  been  used  in  quarrying  the  stone,  al- 
though most  of  it  has  been  extracted  by  blasting.  The  main  dif- 
ficulty in  the  economical  working  of  the  quarry  is  the  amount 
of  stripping  and  the  large  percentage  of  poor  stone  that  must 
be  handled  in  order  to  obtain  the  better  grade. 

Laboratory  Examination. 

The  Dressed  Sample. — The  sample  which  may  be  seen  in  the 
laboratory  of  the  survey  has  a  reddish  brown  color,  and  dresses 
very  nicely.  Occasional  small  secretions  of  iron  oxide  are  the 
only  apparent  irregularities  in  color. 

Microscopical  Examination. — The  microscopical  examination 
of  the  thin  section  shows  the  stone  to  be  composed  of  medium 
sized  grains  of  sand,  perfectly  rounded  and  cemented  with  iron 
oxide.  The  individual  grains  of  quartz  give  no  evidence  of 
being  cemented  with  silica.  Plate  LXVI.,  Fig.  2,  shows  nicely 
the  texture  and  composition  of  the  rock. 
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Physical  Tests. — Chapter  VIII.,  Table  V.,  gives  the  specific 
gravity  and  porosity  of  the  samples  tested  in  the  laboratory. 
The  average  specific  gravity  of  the  rock  is  2.659.  The  average 
ratio  of  absorption  is  8.84  per  cent,  while  the  porosity  is  19.06 
per  cent.  This  is  below  the  average  of  the  sandstone  from  the 
Lake  Superior  region,  and  shows  that  the  rock  is  fairly  well 
<5ompacted  for  a  coarse  grained  sandstone.  The  samples  which 
were  subjected  to  alternate  freezing  and  thawing  showed  an  aver- 
age loss  in  weight  of  1.45  grams  on  a  mass  of  about  245  grams. 
This  loss  is  somewhat  greater  than  that  recorded  for  any  of  the 
other  sandstones,  and  may  be  a  result  of  the  somewhat  incoherent 
character  of  the  rock.  The  result  of  alternate  freezing  and 
thawing  on  the  crushing  strength  is  given  in  Chapter  VUL, 
Table  VII.,  and  shows  an  average  loss  of  1,953  lbs.  per  sq.  incL 

The  average  crushing  strength  of  the  fresh  samples,  given  in 
Table  II.,  is  4,173  lbs.  per  sq.  inch.  This  crushing  strength  is 
a  little  lower  than  the  average  for  sandstone  of  the  Potsdam 
series,  but  is  still  sufficiently  high  to  warrant  its  use  in  all  but 
the  heaviest  structures. 

The  laboratory  examination  of  the  sandstone  from  this  quarry 
indicates  that  care  should  be  exercised  in  selecting  the  stone, 
some  of  it  being  too  loosely  compacted  to  be  suitable  for  other 
than  the  lighter  kinds  of  constructional  work.  Stone  from  other 
beds  in  the  quarry  is  better  adapted  for  building  purposes,  and 
is  less  liable  to  suffer  from  exposure  to  the  atmosphere. 

Statistical  Data. 

Amount  of  capital  invested:  $5,000.00. 

Facilities  at  hand  for  quarrying:  1  12-hp.  engine;  2  gang  saws;  1  steam 
derrick;  1  hand  derrick;  1  g^ng  saw  for  sawing  from  solid  bluff. 

Average  number  of  employees:  From  4  to  10. 

Wages  i>aid  different  classes  of  employees:  $1.50  to  $2.25. 

Oost  of  cutting  and  dressing  stone  per  square  foot: 

Sawn  and  split  into  Ashlar,  ready  for  wall $.10 

Ribbed  and  squared  without  margin )0 

Pointed  and  squared  without  margin J5 

Ax-hammered  or  crandled  without  margin ^0 

Bush  hammered  or  chiseled  without  margin ]q 

Add  1.05  for  margin. 
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Cost  of  transportation:  Per  cu.  ft.  Freeport,  $.(H3i^;  Rock  Island  and  Mo- 
line  about  $.00. 

Average  value  of  each  grade  per  cubic  foot:  Promiscuous  blocks,  $.20  to- 
$.25;  mill  blocks,  $.30  to  $.35;  dimension  blks.,  $.35  to  $.40. 

MISCELLANEOUS  QXTABBIES. 

The  St.  Peters  sandstone  is  quarried  at  a  number  of  other 
places  in  the  southern  part  of  the  state.  At  Mineral  Point  the 
sandstone  is  sufficiently  compacted  to  be  used  for  building  pur- 
poses in  and  about  the  city.  Many  of  the  older  buildings,  in- 
cluding the  Methodist  church,  which  was  constructed  in  1867^ 
are  built  out  of  the  St.  Peters  sandstone.  The  sandstone  in 
this  vicinity  has  a  brown  color  in  some  places,  while  in  others 
it  is  yellow  or  white.  Wheu  stone  is  desired  for  any  particular 
purpose,  the  quarrymen  are  in  the  habit  of  searching  the  bluffs^ 
adjacent  to  the  city  until  they  find  stone  which  is  thought  to  be 
suitable  in  color  and  texture.  They  then  quarry  it,  bring  it  inta 
the  market,  and  deliver  it  for  the  specific  use  for  which  it  was 
quarried.  In  most  places  the  sandstone  is  not  regularly  bedded,, 
and  is  consequently  difficult  to  quarry  without  machinery. 

RlfcSUM^. 

In  general,  the  sandstone  from  the  St.  Peters  formation  ia 
very  soft,  but  when  sufficiently  hard  to  be  dressed  and  placed  in 
the  wall,  it  will,  apparently,  remain  permanent  for  many  years. 
The  durability  may  be  partly  attributed  to  the  crust  which 
forms  on  the  surface  of  the  rock  during  the  seasoning  process. 
Like  the  Potsdam  sandstone,  the  St.  Peters  is  not,  as  a  rule,  sus- 
ceptible to  fine  dressing,  and  is  only  in  exceptional  localities 
suitable  for  the  better  kinds  of  architectural  work.  For  the 
purpose  of  supplying  local  demands,  in  the  way  of  culverts, 
foundations,  etc.,  its  accessibility  makes  it  an  important  re- 
source. 

In  many  places  the  St.  Peters  sandstone  wa3  used  for  building 
in  the  early  days,  because  it  was  close  at  hand,  and  could  be 
had  for  the  expense  of  quarrying.  Brick  and  lumber  at  that 
time  were  expensive,   and  therefore  seldom  used   for  construe- 
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tional  purposes.  This  aocoimts  in  a  measure  for  the  great  num- 
ber of  rough  stone  buildings  which  are  found  throughout  this 
-sandstone  r^on.  The  conditions  are  now  reversed,  and  it  is 
possible  to  obtain  brick  and  lumber  cheaper  than  stone,  and,  for 
this  reason,  the  facings  of  all  the  new  buildings  are  brick,  while 
stone  is  used  only  in  the  back  walls,  and  for  foundations  and 
trimmings. 
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CHAPTER  V. 


LIMESTONE. 

A  large  part  of  Wisconsin  is  immediately  underlain  by  lime- 
•stone,  which  extends  in  a  broad  belt  through  the  eastern,  south- 
■em,  and  western  parts  of  the  state,  being  composed  for  the  most 
part  of  Lower  Magnesian,  Trenton,  and  Niagara.  There  is  a 
wide  variation  in  the  texture  and  chemical  composition  of  the 
limestone  from  these  different  formations.  In  some  places 
the  stone  is  coarse  and  sugary,  while  in  others  it  is  dense  and 
finely  crystalline.  Most  of  the  limestone  is  composed  of  cal- 
<5ium  magnesium  carbonate,  although  occasionally  the  percentage 
of  magnesium  is  small.  Limestone,  rich  in  calcium  magnesium 
-carbonate,  is  ordinarily  called  dolomite,  or  magnesium  limestone, 
while  that  in  which  the  percentage  of  magnesium  is  small  is 
•called  a  limestone.  The  origin  of  limestone  and  dolomite  is  dis- 
cussed in  the  appendix,  and  it  will  hardly  be  necessary  to  con- 
sider it  in  this  connection.  The  limestone  and  dolomite  in  Wis- 
consin probably  owe  their  origin  to  several  causes,  organic,  chem- 
ical, and  mechanical. 

The  suitability  for  building  purposes  of  the  limestone,  from 
different  parts  of  the  same  formation,  as  well  as  from  the  differ- 
ent formations,  is  widely  different.  The  different  beds  of  a 
single  formation  may  have  very  different  textures  and  compo- 
sitions, and  the  individual  beds  themselves  may  vary  within 
short  distances.  A  definite  statement  as  to  what  particular  beds 
or  horizon,  of  the  different  limestone  formations,  will  furnish 
tbe  most  desirable  building  stone  cannot  be  made. 

The  limestone  from  certain  parts  of  the  state  is  very  closely 
compacted  and  thoroughly  crystalline,  often  resembling  marble. 
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Such  limestone  often  occurs  in  relatively  small  dimensions,  and 
is  generally  difficult  to  cut  and  dress.  Limestone  from  other 
places  has  a  loose,  open  texture,  and  is  consequently  softer  and 
more  readily  worked.  The  stone  from  parts  of  certain  forma- 
tions is  undesirable  on  account  of  the  presence  of  deleterious, 
minerals.  Portions  of  other  formations  furnish  stone  with  a 
porous,  vesicular  texture,  which  unfits  it  for  most  uses. 

The  color  of  the  limestone  from  the  different  formations 
ranges  from  buff  or  straw  yellow  to  dark  bluish  gray.  As  a 
rule,  the  color  is  quite  uniform  throughout  any  single  horizon 
in  the  quarry,  and  is  often  the  same  for  a  number  of  beds. 

The  largest  percentage  of  the  quarries  in  the  state  are  in  the 
limestone  region.  The  limestone  is  not  utilized  exclusively  for 
building  purposes,  but  from  it  there  is  manufactured  a  very 
large  amount  of  quicklime  and  macadam.  The  limestone  is  in 
many  places  especially  adapted  to  the  manufacture  of  quicklime, 
and  in  1896  the  total  output  was  valued  at  $314,704.00.^  Much 
of  the  limestone,  which  is  burned  in  the  kilns  of  the  different 
factories,  is  well  suited  for  building  purposes. 

The  limestone  product  is  drawn  mainly  from  three  Silurian 
formations,  the  Lower  Magnesian,  the  Trenton,  and  the  Niag- 
ara. In  the  following  pages  these  different  formations  will  be 
treated  separately,  and  an  attempt  will  be  made  to  give  the  im- 
portant characteristics  of  the  stone  as  it  is  obtained  from  each ; 
the  strength,  durability,  and  possibilities  for  extensive  quarry- 
ing. 

THE  LOWER  MAGNESIAN. 

The  Lower  Magnesian  formation  rests  conformably  above  the 
Potsdam  Sandstone,  and  is  overlain  by  the  St.  Peters.  An  idea 
of  the  surficial  distribution  can  be  best  obtained  by  reference  to 
the  general  map,  Plate  I.  The  area  is  very  irregular  in  shape, 
and  extends  through  the  eastern,  southern,  and  western  portions 
of  the  state,  either  as  a  continuous  outcrop,  or  as  isolated  out- 

Mineral  Resources  of  the  U.  S.;  18th  Ann.  Rept.  of  the  U.  S.  G.  S., 
1896-97,  p.  1014. 
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liers  capping  the  hills  of  Potsdam  sandstone.  Many  of  the 
bluffs  and  ridges  in  the  south  central  part  of  the  state  and  along 
the  Mississippi  river  are  either  capped  with,  or  almost  entirely 
composed  of  the  limestone  of  this  formation.  In  the  south- 
western part  of  the  state  the  formation  is  largely  concealed  be- 
neath the  Trenton  and  later  formations,  while  farther  to  the 
north  the  strata  die  out  and  are  replaced  by  beds  of  Potsdam 
sandstone. 

The  beds  at  different  horizons  in  this  formation  differ  quite 
largely  from  one  another.  Certain  of  the  beds  are  characterized 
by  an  even,  fine  grained  texture,  compact,  and  generally  free 
from  cavities.  These  beds  are  frequently  of  considerable  thick- 
ness, and  can  be  quarried  in  very  large  dimensions.  Other  beds 
have  what  is  known  as  a  hackly  character,  being  characterized 
by  numerous  small  irregular  cavities  which  make  the  stone  dif- 
ficult to  work,  and  which  destroy  its  beauty.  Other  beds  are 
characterized  by  numerous  hard  chert  nodules  which  likewise 
injure  the  stone  for  economic  purposes.  In  general,  it  may  be 
said,  that  the  most  desirable  stone  for  constructional  purposes  is 
obtained  from  the  fine,  evenly  bedded  courses,  such  as  were  first 
mentioned  above. 

The  following  section,  taken  from  Vol.  II.,  Geology  of  Wis- 
consin, p.  672,  gives  a  good,  general  idea  of  the  succession  in  tha 
western  part  of  the  state,  where  the  most  desirable  stone  is 
quarried. 


1.  Slope  of  hill  (to  top  of  vertical  cliflf).  Composed  of  heavy  bedded 

light  gray  Magnesian  limestone.  Stratification  quite  regular, 
contains  no  planes.    Grood  building  stone 23 

2.  Hard,  compact,  heavy  bedded,  light  colored  limestone.    Lines  of 

stratification  not  distinct.  Full  of  irregular  masses  of  flint, 
which  compose  about  half  of  the  bed.  Ezx>osed  in  vertical 
cliff 33 

3.  Slope  of  hill  covering  limestone.    Not  well  ezx>osed 23 

4.  Coarse  grained  limestone.     Weathering  irregular  on  exposed 

Borfacee.    Contains  a  few  flints  disseminated  through  it,  and 

occasional  druses  of  quartz 7 

6.  Qray  limestone.    Very  hard  and  compact.    Regular  stratified 

beds  are  1  to  2  feet  thick.    Contain  no  flints 29 

17 
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6.  Crystalline  gny  magnesian  limestone,  with  a  few  flints,  irregu- 

larly disseminated.    Beds  2  feet  thick 9 

7.  Hard,  light  colored  limestone,  crystalline  in  texture,  weathering 

but  little  on  ezxxnure.    Beds  about  3  feet  thick.    Contain  no 
flints 46 

8.  Fine  grained,  straw  colored,  slightly  arenaceous,  magnesian  lime- 

stone.   Beds  about  1  foot  thick.    Stratification  quite  regular.        20 

9.  Irregularly  bedded  dolomitic  limestone.    Has  sometimes  oolitic 

structure 26 

10.  Yellow  arenaceous  limestone.  Transition  beds.  The  sand  ap- 
pears in  rounded  grains  separate  from  one  another  and  ce- 
mented together  with  lime.   Stratification  indistinctly  marked.        23 

The  above  section,  which  was  taken  from  a  bluff  at  the  mouth 
of  the  Green  River,  situated  in  the  NW.  i  of  Sec.  22,  T.  7,  R  4 
W.,  probably  reaches  almost  to  the  top  of  the  formation,  since 
considerable  sandstone  was  foimd  scattered  along  the  summit 
of  the  bluff.  As  one  proceeds  north  from  this  point  the  upper 
beds  are  missing,  until  finally,  as  we  examine  the  most  northern 
outcrops,  only  the  lowest  beds  remain. 

It  is  to  be  noted  that  many  of  the  beds  of  this  formation  con- 
tain very  irregular  masses  of  flint  and  often  druses  of  quartz, 
each  of  which  injure  to  some  extent  the  value  of  the  stone  for  the 
finer  kinds  of  work.  It  is  only  the  heavy  bedded,  uniformly 
colored  layers,  free  from  druses  and  flint  nodules,  that  furnish 
the  most  satisfactory  building  stone. 

It  would  be  impossible  in  a  report  of  this  kind  to  consider  in 
detail  the  numerous  quarries  which  have  been  opened  at  one 
time  or  another  in  this  formation.  Quarrymen  have  worked  in 
one  locality  for  a  year  or  two,  and  then  deserted  it  for  a  locality 
where  the  prospects  appeared  better.  In  this  way  many  open- 
ings have  been  made  in  all  parts  of  the  area.  In  certain  of  these 
localities  quarrying  has  been  carried  on  almost  continuously  for 
a  great  many  years,  while  in  others  operations  have  only  been 
conducted  for  a  few  years. 

The  bluffs  adjacent  to  the  Mississippi  river  are  dotted  with 
quarries,  many  of  which  contain  an  abundance  of  stone,  suitable 
for  a  variety  of  purposes.     None  of  the  quarries  have  been  very 
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extensively  developed,  on  account  of  several  conditions  incident 
to  their  location.  In  the  first  place  the  bluffs  are  of  consider- 
able height  and  somewhat  steep.  A  heavy  talus  usually  covers 
the  lower  ledges,  almost  to  the  top  of  the  bluffs,  on  account  of 
which  the  accessible  rock  is  mainly  near  the  summit.  Provided 
the  talus  is  at  a  much  lower  level,  the  stripping  may  be  very 
heavy,  making  it  impracticable  to  quarry  stone  from  the  lower 
beds.  If  suitable  stone  can  be  obtained  from  the  uppermost 
beds,  the  necessity  of  hauling  it  a  considerable  distance  to  the 
valley  below  hinders  profitable  exploitation.  DiflSculty  is  fur- 
ther experienced  in  opening  a  quarry  near  the  summit  of  these 
bluffs,  on  account  of  the  lack  of  a  floor  on  which  to  commence 
operations.  Thus  it  appears  that  if  the  durable  stone  occurs  at 
or  near  the  top  of  the  bluff,  the  diflSculty  in  opening  the  quarry 
and  the  distance  to  the  bottom  of  the  hill  militate  against  profit- 
able operation ;  while  if  the  stone  occurs  at  the  foot  or  near  the 
middle  of  the  bluff,  the  stripping  is  too  heavy  for  removal. 
If  it  were  not  for  these  conditions,  one  might  expect  to  find  more 
important  quarries  along  the  bluffs  of  the  Mississippi  river. 
Away  from  the  river  the  limestone  is  not  so  generally  exposedi 
and  the  beds  are  not  composed  of  so  desirable  stone. 

The  most  important  quarries  in  this  formation  are  those  at 
Bridgeport,  Maiden  Rock,  LaCrosse,  and  Trempealeau.  Other 
quarries  are  located  at  Fountain  City,  New  Richmond,  Bluff 
Siding,  Marshland,  Hortonville,  Medina,  Arcadia,  Osceola,  On- 
alaska,  and  Madison.  The  last  named  quarries  have  been  oper- 
ated for  local  consumption,  and  represent  only  a  few  of  the 
many  quarries  in  the  Ix)wer  Magnesian  formation. 


Description  of  Individaal  Areas. 

BBIDGEPOBT    AREA. 

The  quarries  in  the  vicinity  of  Bridgeport  are  situated  along 
the  bluffs  adjacent  to  the  Wisconsin  river.  All  the  stone  suit- 
able for  building  purposes  is  quarried  from  a  single  horizon, 
having  a  total  thickness  of  from  12  to  16  ft     The  beds  of  this 
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horizon  are  continuous  along  the  bluffs,  ahnost  the  entire  dis^ 
tance  from  Bridgeport  to  Prairie  du  Chien. 

This  stone  is  an  arenaceous  limestone,  and  has  a  light  buff  or 
straw  yellow  color.  It  is  of  medium  hardness,  and  works  quite 
readily  under  the  chisel.  It  contains  occasional  druses  of 
quartz,  but  they  are  not  sufficiently  abundant  to  very  materiaUj 
injure  the  rock.     The  joints  strike  N.  40°  W.  and  N.  45-50®  E. 

Laboratory  Examination,  v 

Microscopical  Examination. — Thin  sections  were  cut  from 
this  stone  and  examined  under  the  microscope,  showing  that  the 
stone  was  composed  essentially  of  calcium  carbonate  and  ooca- 
sional  small  irregular  grains  of  quartz. 

Physical  Tests. — Two  inch  cubes,  which  were  crushed  in  the 
testing  machine,  stood  a  pressure  of  10,112  lbs.  per  sq.  inch  on 
bed,  and  7,508  lbs.  per  sq.  inch  on  edge.  (See  Chapter  VITL, 
Table  II.)  Samples  of  the  limestone  were  also  tested  to  deter- 
mine the  transverse  strength,  the  results  of  which  are  given  in 
Chapter  VIII.,  Table  III.  The  modulus  of  rupture  was  de- 
termined to  be  1,164.3  lbs.  per  sq.  inch. 

The  average  specific  gravity  of  the  rock,  as  given  in  Table  V., 
is  2.743.  The  ratio  of  absorption  is  5.51  per  cent.,  while  the 
porosity  is  13.19  per  cent.  Samples  from  che  same  bed  were 
subjected  to  alternate  freezing  and  thawing,  but  showed  no  loss 
in  weight.  The  average  loss  in  strength  was  only  571  lbs.  per 
sq.  inch.  (See  Chapter  VIII.,  Table  VII.)  Other  samples, 
which  were  subjected  to  extreme  heat  were  little  injured  up  to 
the  point  of  calcination.  Small  cubes  were  tested  to  determine 
the  effects  of  sulphuric  and  carbonic  acid  gases.  These  results, 
given  in  tables  VIII.  and  IX.,  indicate  that  these  gases  have 
practically  no  effect  on  the  limestone. 

The  above  laboratory  tests  show  that  the  strength  and  dura- 
bility of  the  rock  are  sufficient  to  warrant  its  use  in  the  construc- 
tion of  buildings,  bridges,  and  piers. 
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Description  of  IndiTidual  Qtutrries. 

Two  quarries  have  been  opened  in  the  limestone  of  this  area, 
known  as  the  Bridgeport  Stone  Quarry  and  the  Maustin  Quarrj. 
Both  are  situated  on  the  north  side  of  the  Wisconsin  river  im- 
mediately adjacent  to  the  tracks  of  the  C,  M.  &  St.  P.  Ry. 

BRIDGEPORT    STONE    QUARRY. 

The  Bridgeport  Stone  Quarry  is  located  half  a  mile  west  of 
Bridgeport,  and  is  owned  and  operated  by  Thomas  P.  Nortofty 
of  Spring  Green,  Wis.  The  quarry  was  opened  about  the  year 
1856,  and  is  one  of  the  oldest  quarries  in  that  part  of  the  state. 
It  has  been  worked  more  or  less  each  year  since  it  was  opened. 

The  quarry  consists  of  one  opening  about  300  ft  long,  60  ft 
wide,  and  28  ft.  deep.  The  quarry  faces  the  south,  and  has  o 
covering  of  clay  and  soil  from  2  to  8  ft.  thick.  Immediately  ua« 
demeath  the  stripping  there  are  about  10  ft.  of  limestone,  mudi 
broken,  and  classed  as  stripping.  Below  this  occur  from  14  ta 
17  ft  of  uniformly  bedded  limestone,  varying  in  thickness  from 
1  to  4  ft.,  which  may  be  gotten  out  in  any  dimensions  up  to  4 
or  5  ft.  The  stone  generally  has  a  firm,  even  grained  texture, 
and  is  cream  colored.  Small,  drusy  cavities,  lined  with  small 
crystals  of  quartz,  are  of  occasional  occurrence.  The  uppermost 
beds  of  this  horizon  are  freer  from  imperfections  than  the  lower, 
and  furnish  the  best  stone  for  cutting  and  dressing. 

The  samples  which  were  used  in  testing  the  stone  from  this 
area  were  obtained  from  this  quarry.  It  will  not  be  necessary  at 
this  place  to  repeat  the  tests,  as  they  will  be  found  in  the  tableti 
in  Chapter  VIII.  The  quarry  is  prepared  to  furnish  stone  for 
all  ordinary  constructional  purposes,  such  as  bridges,  pien, 
buildings,  curbs,  and  foundations. 

Stone  from  this  quarry  has  been  used  in  the  construction  of 
the  State  Capitol  at  Madison,  Wisconsin,  the  Normal  School 
building  at  Madison,  S.  Dak.,  the  Dousman  House,  at  Prairie 
du  Chien,  and  many  of  the  bridge  piers  on  the  C.|  M.  &  St  P. 
By.  In  no  ease  is  there  evidence  that  the  stone  haa  suffered  un- 
warranted injury  from  atmospheric  agencies.     The  best  stosie 
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appears  to  be  in  all  respects  suitable  for  the  purposes  for  which 
the  quarry  is  prepared  to  furnish  stone. 

MAUSTIN    QUABBY. 

The  Maustin  Quarry  is  located  one  mile  west  of  Bridgeport, 
and  is  adjacent  to  the  C,  M.  &  St.  P.  Ry.  The  quarry  is  owned 
by  Wm.  Powers,  of  Patch  Grove,  Wis.,  and  was  opened  about 
1855.  It  was  operated  almost  continuously  from  that  time  un- 
til 1885,  when  operations  were  indefinitely  suspended.  One 
opening  has  been  made  about  150  ft.  long,  25-30  ft.  wide,  and 
about  20  ft  deep. 

The  stripping  is  from  6  to  12  ft.  deep.  Immediately  below 
this  occur  12  ft.  of  imiformly  bedded  stone,  similar  in  all  re- 
spects to  that  which  is  exploited  from  the  adjacent  quarry.  The 
joints  are  a  considerable  distance  apart,  allowing  very 
large  lateral  dimensions  to  be  quarried.  The  beds  are  gener- 
ally from  1  to  2  ft.  thick,  but  in  places  the  bedding  planes  are 
tight,  and  greater  thicknesses  can  be  obtained.  The  quarry  is 
not  being  worked  at  present,  owing  to  the  general  depression  in 
the  stone  industry. 

Stone  from  this  quarry  has  been  used  in  the  construction  of 
the  State  Capitol  building,  Madison,  Wis.,  in  the  Minneapolis 
stone  arch  bridge,  Crawford  County  Court  House,  St.  John's 
Sacred  Heart  College  of  Prairie  du  Chien,  St.  Mary's  Academy 
at  Prairie  du  Chien,  and  a  number  of  other  important  buildings. 

General   Considerations. 

Ordinarily  the  limestone  of  this  area  occurs  in  large  enough 
dimensions  and  of  sufficiently  uniform  quality  to  be  satisfactory 
for  most  constructional  purposes.  The  transportation  facilities 
are  much  better  than  those  of  many  other  quarries  in  the  lime- 
stone region  of  this  state,  and  if  properly  managed  considerable 
business  ought  to  be  developed  at  this  place. 

MAIDEN    BOCK    ABEA. 

The  principal  quarry  at  this  place,  owned  and  operated  by 
Mr.  Lester,  is  situated  near  the  summit  of  a  high  bluff  adjacent 
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to  the  Mississippi   river.     The   stripping^  which   includes  the 

upper  beds  of  the  formation,  is  somewhat  heavy,  varying  from  6 

ft.  at  the  ends  to  25  ft.  in  the  middle.     Immediately  beneath  the 

stripping  are  10  ft.  of  uniform  fine  textured  limestone.       The 

stone  is  soft  and  can  be  gotten  out  in  very  large  dimensions,  and 

sawed  into  blocks  of  any  required  size.     The  stone  has  a  delicate 

creamy  color,  and  is  very  finely  porous. 

The  stone  is  quarried  mainly  by  blasting  and  wedging.     It  is 

hauled  by  team  to  the  foot  of  the  hill,  at  which  place  a  mill  has 

been  erected  for  sawing  the  stone  into  blocks  of  any  required 

size. 

The  strength  and  durability  of  the  stone  was  not  determined, 

on  accoimt  of  the  failure  of  the  owner  to  send  the  samples  re- 
quested. Therefore  its  value  as  a  building  material  can  only  be 
inferred  from  its  general  appearance.  The  stone  has  lately 
been  used  quite  extensively  in  Minnesota  and  Wisconsin,  and  to 
the  best  of  our  knowledge  has  given  good  satisfaction. 

TBEMPEALEAU  AREA. 

The  main  quarry  at  Trempealeau  is  situated  near  the  summit 
of  one  of  the  bluffs  adjacent  to  the  city,  and  is  similar  in  location 
to  the  other  quarries  along  the  Mississippi  river.  The  ascent  to 
the  quarry  is,  by  a  long  winding  road,  somewhat  of  a  breathless 
dimb.  The  stripping  at  the  quarry  is  from  2  to  4  ft.  deep,  and 
consists  of  loose  boulders  and  dirt.  Immediately  below  the 
stripping  are  from  14  to  18  ft.  of  fine  textured,  compact  lime- 
stone, resembling  very  much  white  sandstone.  An  occasional 
drusy  cavity  lined  with  quartz  is  the  only  noticeable  defect  in 
the  stone.  The  beds  immediately  below  this  are  from  10  inches 
to  2  ft  thick,  with  a  total  thickness  of  6^  ft.  They  are  rough 
and  vesicular,  but  can  be  easily  quarried  in  large  dimensions 
suitable  for  heavy  footing  stone.  The  stone  is  hard  and  some- 
what refractory,  and  consequently  dresses  with  considerable  dif- 
ficulty. 

The  most  desirable  stone  for  building  purposes  is  taken  from 
the  upper  beds  in  the  quarry.  This  is  now  used  mainly  for 
monument  bases  and  brick  trimmings.       The  stone  from  the 
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hackly  horizon  was  used  in  the  construction  of  the  new  wagoa 
bridge  at  LaCrosse,  and  is  considered  well  suited  for  such  a 
purpose.  The  possibilities  of  securing  a  large  amount  of  ex- 
cellent stone  from  this  quarry  are  good,  and  it  is  thought  that 
the  quarry  might  be  worked  to  advantage  on  a  more  extensive 
scale  than  at  present.  The  necessity  for  better  facilities  for 
quarrying  and  an  easier  method  of  transportation  from  the  top 
of  the  bluff  to  the  valley  below  is  quite  evident 

TOXJKTAIV   CITY   ABEA. 

Three  quarries  are  located  at  Fountain  City,  one  of  which  is 
owned  by  Oenning  &  Giesen,  another  by  Jacob  Seeker,  and  a 
third  by  Albert  Kirchner.  All  of  these  quarries  are  located 
near  the  summit  of  the  bluffs,  about  J  of  a  mile  east  of  the  town. 
The  stone  which  is  quarried  from  the  different  openings  is  es- 
sentially the  same,  being  a  buff  colored  limestone. 

Oenning  AGiesen's  quarry,  which  may  be  taken  as  an  exam- 
ple of  all  the  quarries  at  this  place,  has  a  small  depth  of  soil  cov- 
ering, beneath  which  are  about  10  ft.  of  rip-rap.  Below  this  oc- 
cur about  9  ft.  of  heavily  bedded  hackly  limestone,  having  a 
grayish  blue  color,  streaked  occasionally  with  brown.  Below 
this  are  7  ft  8  in.  of  fine  grained  whitish  limestone,  much  softer 
than  the  stone  in  the  beds  above.  Only  the  lower  14  in.  of  this 
course  is  vesicular  and  rough,  like  the  blue  hackly  limestone 
above.  Beneath  this  bed  occur  16  ft  4  in.  of  heavily  bedded, 
hard,  hackly,  gray  limestone. 

The  bed  immediately  beneath  the  rip-rap  is  the  easiest  to  cut 
and  work,  although  it  contains  occasional  chert  nodules,  and 
small  drusy  cavities  lined  with  quartz.  The  lower  beds,  whidi 
are  from  6  in.  to  2  ft.  in  thickness,  furnish  excellent  stone  for 
bridge  work.  All  the  stone  is  used  for  footing,  foundations^ 
and  buildings,  but  those  beds  which  have  an  irregular  texturOj 
occasioned  by  chert  nodules  and  drusy  cavities,  are  not  suitabls 
for  cutting  and  dressing. 
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Statistical  Data  of  Oenning  &  Giesens  Quarry. 

Amount  of  capital  inyested:    $400.00. 

Average  number  of  employees:    4. 

Wages  paid  different  classes  of  employees:    $1.50. 

Average  value  of  each  grade  per  cubic  foot;    Dimension,  $.15. 

ONALASKA  AND  LA  CBOSSE  AREA. 

The  supply  of  stone  for  foundation  and  building  purposes  in 
La  Crosse  has  been  drawn  mainly  from  a  number  of  quarries, 
located  on  the  bluffs  north  and  south  of  the  city.  The  stone  has 
essentially  the  same  characteristics  in  all  the  quarries  and  is  ex- 
ploited only  when  specifically  contracted  for. 

The  stone  occurs  ordinarily  in  beds  from  three  inches  to  three 
feet  in  thickness,  but  none  of  the  beds  above  eight  inches  consist 
of  clear,  uniform  textured  stock.  Several  sets  of  joints  occur  in 
some  of  the  quarries.  In  the  quarry  owned  by  George  Pierce  of 
Onalaska,  located  in  the  N.  W.  i  of  N.  E.  i  of  Sec.  34,  T.  17,  R. 
7  W.,  the  joints  strike  N.  45^  W.,  N.  45^  E.,  N.  70°  W.,  and  E. 
andW. 

The  limestone  has  a  dense,  grayish  blue  color.  It  is  hard  and 
brittle  and  often  contains  small  drusy  cavities  lined  with  quartz. 
The  jointing  planes  are  generally  stained  brown  with  iron  oxide. 
The  stone  is  cut  and  dressed  with  difficulty  and  can  be  used  to 
best  advantage  in  rock  face  work. 

The  stone  is  suitable  mainly  for  light  footing,  foundation,  and 
building.  For  the  last  purpose  it  should  be  carefully  selected 
and  quarried  with  care.  The  thickness  of  the  beds  suitable  for 
building  stone,  limits  its  use  to  small  structures. 

The  principal  quarries  at  La  Crosse  are  owned  by  Wm.  Nie- 
meyer  and  Ebner,  Mr.  Pammel  and  Wm.  Clause,  Mr.  Anderson, 
Mr.  Nelson,  Mr.  Marquart,  and  Peters  and  Wahl. 

The  main  quarries  at  Onalaksa  are  owned  by  (Jeorge  Pierce, 
Will  Kenvon,  and  Mr.  Bnmner. 

08CB0LA     AREA. 

The  stone  quarried  in  the  vicinity  of  Osceola  comes  mainly 
from  the  limestone  beds  near  the  top  of  the  bluffs  adjacent  to  the 
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St  Croix  river.  The  main  quarry  is  about  a  mile  south  of  the 
city,  and  is  owned  by  Mr.  WoU.  The  stone  is  a  rough,  some- 
what hackly  limestone.  Several  buildings  in  Osceola  have  been 
constructed  out  of  the  stone,  and  although  they  are  not  elegant, 
jet  the  walls  are  strong  and  durable.  The  stone  has  a  yellowish 
brown  color,  and  a  fairly  uniform  texture.  The  lack  of  machin- 
ery makes  quarrying  difficult,  and  the  stone  is  therefore  some- 
what expensive  for  building  purposes. 

The  greenstone,  which  is  found  in  this  vicinity  in  large  frag- 
ments broken  from  adjacent  exposures,  is  used  to  some  extent 
for  foundation  purposes  in  place  of  the  limestone.  It  can  be 
obtained  without  the  necessity  of  quarrying,  and  is  equally  as 
strong  and  durable  as  the  limestone. 

HXTDSOK    ABEA. 

The  bluffs  adjacent  to  the  Mississippi  river  at  this  place  are 
mainly  composed  of  sandstone,  capped  with  Lower  Magnesian 
limestone.  The  limestone  has  been  used  quite  generally  in  the 
older  buildings  of  the  city,  but  is  now  used  only  for  rough  foun- 
dation work.  The  old  stone  buildings  and  retaining  walls  are 
built  out  of  roughly  dressed  stone.  The  joints  were  large,  and 
the  blocks  often  irregularly  fitted  together,  on  account  of  which 
the  buildings  now  have  a  somewhat  dilapidated  appearance.  It 
is  hardly  possible  that  the  stone  will  henceforth  be  used  for  any 
but  foundation  purposes. 

MARSHLAKD   AND    BLUFF    SIDING   ABEA. 

Near  the  top  of  the  bluff  at  Marshland,  a  small  quarry  is  oper- 
ated by  Mr.  Henry  Felker,  to  supply  a  local  demand.  At  Bluff 
Siding,  about  2^  miles  north  of  Marshland,  is  a  quarry  owned 
by  J.  W.  Willis,  of  Winona.  As  elsewhere,  the  stone  is  quarried 
near  the  summit  of  a  high  bluff.  The  stone  is  used  mainly  for 
the  manufacture  of  quick-lime,  although  rough  stone  has  been 
furnished  for  masonry  work.  The  following  is  a  section  of  the 
quarry  from  the  bottom  to  the  top : 

3  ft.    Fine  texture.    Beds  are  from  10  to  14  in.  thick.    Color  is  grayish 
white.    The  appearance  of  the  stone  from  these  beds  is  very  favorable. 
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14  ft  Heavily  bedded,  hackly  iimestoQe.  Beds  are  about  4  ft.  in  thick- 
ness.   This  stone  might  serve  for  footing  or  foundation  work. 

4  ft.  Compact  limestone.  Fine  grained.  Beds  are  from  12  to  14  inches 
thick. 

The  rock  above  this  for  about  40  ft  appears  to  be  mainly  rough  hackly 
limestone,  scarcely  suitable  for  any  other  purjiose  than  the  manufacture 
of  lime. 

ABCADIA   ABEA. 

Three  small  quarries  are  located  in  the  vicinity  of  Arcadia, 
owned  respectively  by  Fred  Blessner,  Wm.  Fernow,  and  Mr. 
Kube.  The  quarry  owned  by  Fred  Blessner  is  immediately 
north  of  Arcadia,  near  the  summit  of  a  high  bluff.  All  the 
stone  is  quarried  from  the  lower  beds  of  the  Lower  Magnesian 
limestone,  and  the  upper  beds  of  the  Potsdam  sandstone.  The 
quarry  is  small  and  the  stone  only  used  for  local  consimiption. 
Kube's  quarry  is  about  5  miles  south  of  Arcadia,  and  Wm.  Fer- 
now's  is  about  7  miles  west.  The  stone  at  these  places  is 
quarried  simply  to  supply  the  local  demand. 

NEW    BICHMOND    ABEA. 

Two  quarries  are  located  near  New  Richmond,  owned  respec- 
tively by  Wm.  McDonald  and  Levi  Oakes. 

McDonald's  quarry  is  about  2^  miles  northwest  of  the  city. 
The  stripping  of  soil  is  from  G  to  10  feet  deep,  below  which  is  a 
bed  of  somewhat  hackly  limestone  from  3  to  6  inches  thick. 
Below  this  is  a  bed  of  finely  crystalline  limestone,  8  inches  thick. 
Underneath  this  are  three  beds, — one  is  arenaceous  limestone,  1 
ft.  5  in.  thick,  the  next  is  hackly  limestone,  1  ft.  8  in.  thick,  and 
the  last  is  arenaceous  limestone,  1  foot  thick. 

Oakes'  quarry  is  about  one  mile  south  of  New  Richmond,  and 
shows  nothing  but  rough  hackly  limestone.  The  stone  in  both 
of  these  quarries  is  suitable  mainly  for  rough  foundation  work. 
An  abimdance  of  stone  for  this  purpose  can  be  obtained  from 
either  quarry. 


:  i 


:  t 

208  THE  BUILDING  STONES  OF  WISCONSIN. 

XBDINA  ABEA. 

The  quarry  at  Medina  is  owned  by  Mrs.  Wm.  Youngs.  It  is 
located  about  half  a  mile  south  of  the  village,  and  is  connected 
with  the  railroad  by  a  spur.  The  beds  are  rough  and  somewfaat 
vesicular,  the  stone  having  been  used  mainly  for  flagging  pur- 
poses. 

The  opening  is  very  irregular,  being  240  ft  long,  240  ft.  wide, 
and  4  ft  deep.  A  stripping  of  about  5  ft.  of  light  soil  occurs 
at  the  surface.  The  stone  occurs  in  layers  from  3  to  6  in.  thick, 
of  which  12  have  been  worked.  The  lower  two  feet  of  the 
quarry  is  somewhat  massive,  but  very  rough  and  irregular,  ooa- 
taining  numerous  cavities  filled  with  drusy  calcite  and  quarts. 
The  joints  strike  about  N.  20°  W.,  N.  38°  E.,  and  KT.  70°  E. 
They  are  from  3  to  5  ft.  apart,  and  break  the  stone  into  dimen- 
sions that  can  be  easily  handled,  and  yet  sufficiently  large  for 
ordinary  purposes.  The  color  is  somewhat  irregular,  being  a 
bluish  buff  color  mottled  with  irregular  spots  of  yellow. 

Blocks,  suitable  mainly  for  flagging  purposes,  of  almost  any 
reasonable  dimension,  can  be  quarried.  At  one  time  a  very  con- 
siderable amount  of  stone  was  sold  from  this  quarry,  but  it  has 
now  been  abandoned  for  several  years. 

DALE   ABEA. 

The  quarry  at  Dale  is  owned  by  D.  H.  Balliet  of  Appleton. 
Two  openings  have  been  made,  but  neither  has  been  very  mudi 
developed.  The  stone  is  quarried  mainly  from  beds  near  the 
surface,  and,  so  far  as  exposed,  the  layers  are  thin,  being  from 
3^  to  4^  inches  in  thickness.  The  stone  is  irregularly  jointed, 
the  seams  striking  about  N.  38°  W.,  and  at  right  angles  to  this 
direction.  The  first  set  occurs  at  intervals  of  from  5  to  10  feet, 
and  allows  the  quarrying  of  large  sized  flagstones.  The  surfaoe 
of  the  stone  is  rough  and  irregular,  but  the  texture,  with  the  ex- 
ception of  occasional  drusy  cavities,  is  comparatively  uniform. 
At  the  second  opening  the  beds  are  from  6  to  8  inches  in  thick- 
ness, and  sufficiently  uniform  to  be  serviceable  as  light  coursing 
stone.     The  stone  is  all  finely  crystalline,  and  mainly  suitable 
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for  sidewalks,  foundations,  and  possibly  light  bridge  and  culvert 
"J^ork. 

EOBTONVILLE   ABEA. 

A  small  quarry  has  been  opened  at  Hortonville  by  Fred 
Hitehell  and  C.  B.  Benjamin.  The  limestone  is  immediately 
above  the  Potsdam  sandstone,  and  is  suitable  mainly  for  rough 
foundation  work. 

D.  Hodgins  owns  a  small  quarry  at  this  place,  but  the  stone  is 
mainly  burned  for  lime. 

R]feSUM]fe. 

In  general,  the  quarries  in  the  Lower  Magnesian  limestone 
formation  have  not  been  extensively  developed.  This  condition 
is  not  due  to  a  scarcity  of  desirable  stone,  but  rather  to  its  man- 
ner of  occurrence.  The  clearest  and  best  stone  occurs  in  the 
western  part  of  the  state,  either  concealed  beneath  heavy  talus 
slopes,  or  among  the  uppermost  layers,  capping  the  high  bluffs 
and  ridges  along  the  Mississippi  river.  If  the  serviceable  stone 
is  near  the  bottom  of  the  bluffs  it  is  usually  concealed  by  a  talus, 
which  is  too  heavy  for  removal.  If  the  beds  are  exposed  mid- 
way up  the  hill  it  is  diflScult  to  open  a  quarry  on  account  of  the 
steepness  of  the  slope.  But  even  if  an  opening  could  be  made 
at  such  a  place,  the  serviceable  beds  soon  pass  underneath  a 
thickness  of  other  strata,  the  removal  of  which  would  be  too  ex- 
pensive for  economical  working.  Only  when  the  beds  are  at  or 
near  the  top  can  they  be  worked  to  advantage.  Here  diflSculty 
is  also  often  met  in  making  a  floor  on  which  to  work.  Every- 
where in  this  bluff  region  the  quarryman  is  confronted  with  the 
problem  of  getting  the  stone  safely  and  economically  from  the 
top  to  the  bottom  of  the  hill.  This  is  generally  accomplished  by 
using  teams,  sometimes  by  rolling.  Very  few  of  the  quarries 
are  equipped  with  gravity  cars  and  tracks.  Yet,  where  any  con- 
siderable amount  of  stone  is  to  be  quarried,  this  is  apparently 
the  best  method.  It  requires  a  small  amount  of  capital  to  put  in 
a  track  and  purchase  cars,  but  the  transportation  is  so  greatly 
facilitated  that  one  is  fully  compensated  for  the  extra  invest- 
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ment.  In  order  to  avoid  the  heavy  stripping  which  is  so  often 
met  with  in  these  bluff  quarries,  operations  are  generally  ex- 
tended along  the  side  of  the  ridge  or  bluff,  instead  of  back  into 
the  hill. 

In  the  eastern  and  southern  parts  of  the  state,  the  quarries  in 
this  formation  are  not  so  nimierous  as  in  the  western.  Neither 
have  they  been  so  extensively  operated.  These  conditions  are 
largely  attributable  to  three  circumstances.  The  first  is  the 
proximity  of  the  Trenton  limestone,  which,  on  account  of  its 
manner  of  occurrence,  can  everywhere  be  quarried  easier  than 
the  Lower  Magnesian.  That  stone  which  can  be  quarried  with 
the  least  difficulty  is  generally  the  one  most  largely  used,  inde- 
pendent of  its  quality.  Second,  the  eastern  distribution  of 
the  Lower  !&[agnesian  limestone  is  largely  concealed  beneath  a 
heavy  mantle  of  drift.  Third,  the  better  beds  of  stone  die  out 
before  they  are  followed  a  very  great  distance  from  the  Mis- 
sissippi river. 

For  these  reasons,  it  is  probable  that,  with  the  exception  of 
certain  isolated  quarries  in  the  western  part  of  the  state,  the 
Lower  Magnesian  formation  will  never  be  very  largely  exploited 
for  other  than  local  purposes. 

THE    TRENTON    LIMESTONE. 

Stratigraphically,  the  Trenton  formation  immediately  over- 
lies the  St.  Peters  sandstone,  and  underlies  the  Hudson  river 
shale.  This  formation  is  more  widely  known  as  a  source  of 
building  stone  than  either  the  Southern  Potsdam  or  St.  Peters 
formations,  and  is  of  correspondingly  greater  economic  impor- 
tance. The  Trenton  formation  is  ordinarily  divided  into  two 
parts,  the  lower,  known  as  the  Trenton,  and  the  upper,  known 
as  the  Galena.  The  Trenton  is  further  subdivided  into  the 
I^wer  and  Upper  Buff,  and  the  Upper  and  Lower  Blue  beds. 
The  distinction  between  the  Galena  and  Trenton  is  not  always 
well  marked,  and  neither  are  the  subdivisions  known  as  the  Buff 
and  Blue  beds  very  sharply  defined.  The  average  total  thick- 
ness of  the  Trenton  formation  is  about  280  ft.     No  attempt  is 
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made  in  the  following  discussion  to  consider  any  of  the  various 
subdivisions.  The  stone  from  all  the  quarries,  whether  located 
in  the  Trenton  or  Galena,  will  be  considered  under  the  general 
head  of  Trenton. 

The  surficial  extent  of  the  limestone  can  be  best  understood 
by  reference  to  the  general  map,  Plate  I.  A  cursory  glance  at 
this  map  shows  that  the  Trenton  formation,  beginning  at  the 
Menominee  river  in  the  northeastern  part  of  the  state,  extends 
southwest  as  far  as  the  Illinois  boimdary  line,  and  west  nearly 
to  the  Mississippi  river.  A  large  part  of  the  underlying  rock 
in  the  southern  part  of  the  state  is  of  this  formation.  The  gen- 
eral area  of  Trenton  does  not  extend  further  north  than  Craw- 
ford county,  except  in  a  few  isolated  patches  which  cap  the 
bluffs  of  St.  Peters  sandstone  in  the  northwestern  part  of  Pierce 
and  the  southwestern  part  of  St.  Croix  county. 

A  large  number  of  quarries  are  operated  in  different  parts  of 
this  formation,  but  the  amount  of  stone  which  is  shipped  is  com- 
paratively small.  The  stone  is  largely  used  for  local  purposes, 
as  in  the  case  of  the  stone  from  the  Lower  Magnesian  formation. 

The  Trenton  limestone  differs  from  the  Lower  Magnesian  in 
being  more  uniformly  bedded,  and  in  having  an  originally  blue 
color.  The  bedding  planes  are  seldom  smooth  and  regular,  but 
are  generally  rough  and  uneven.  The  beds  are  characterized 
by  an  irregular  wavy  lamination,  between  the  laminse  of  which 
thin  leaves  of  shale  or  clay  frequently  occur.  It  is  not  to  be 
understood  that  the  Trenton  formation  consists  entirely  of  ir- 
regularly laminated  limestone,  but  merely  that  this  is  one  of 
the  general  characteristics  of  many  of  the  beds.  Certain  of 
the  beds  are  locally  solid,  and  free  from  inter-laminationa  of 
clay.  All  of  the  beds  of  Trenton  limestone  are  more  or  less 
fossiliferous,  while  certain  thin  layers  are  composed  almost  en- 
tirely of  a  mass  of  shell  remains.  The  upper  beds  of  the  Tren- 
ton formation,  known  as  the  Galena,  comprise  the  horizon  from 
which  the  lead  and  zinc  ores  of  the  southwestern  part  of  Wis- 
consin have  been  largely  mined. 

The  subdivision  of  the  Trenton  mto  the  Buff  and  Blue  beds 
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id  purely  arbitrary.  The  Buff  colored  beds  were  originally 
blue,  having  attained  their  present  color  merely  through  weather^ 
ing. 

The  extensive  use  of  the  stone  from  this  formation  for  local 
purposes  is  probably  due  largely  to  circumstance.  In  the  first 
place,  the  stone  is  more  easily  quarried  than  any  of  the  asso- 
ciated rocks,  on  account  of  the  pronounced  bedding  and  the 
more  fortunate  occurrence  of  jointing  planes.  In  the  second 
place,  the  fact  that  very  many  of  the  important  cities  of  the 
state  are  located  within  this  region  has  been  a  very  potent  cause 
for  its  more  extensive  development  than  the  Lower  Magnesian. 
It  should  be  noticed  that  within  this  formation  are  located  Mari- 
nette, Green  Bay,  Kaukauna,  Neenah,  Menasha,  Appleton,  Osh- 
koeh,  Fond  du  Lac,  Ripon,  Beaver  Dam,  Watertown,  Oconomo- 
woc,  Whitewater,  Janesville,  Monroe,  Beloit,  Mineral  Point, 
Platteville,  Darlington,  and  many  other  more  or  less  important 
cities.  Further,  that  portion  of  the  state  which  is  immediately 
underlain  by  the  Trenton  formation  is  one  of  the  best  agricul- 
tural regions  of  the  state.  This,  combined  with  the  natural 
water  power  at  various  points,  has  influenced  the  location  and 
growth  of  some  of  the  larger  cities  just  mentioned.  The  south- 
western and  southern  parts  of  the  state  are  almost  entirely  cov- 
ered with  glacial  drift,  which  was  in  large  part  derived  from  the 
Trenton  and  Lower  Magnesian  formations  farther  north.  This 
has  enriched  the  soil  and  made  it  excellent  for  agricultural  pur- 
suits. Thus  the  limestone  formation  itself  has  largely  deter- 
mined the  condition  of  the  soil,  which  in  turn  has  assisted  in  the 
development  of  large  cities,  which,  in  their  turn,  have  created  a 
demand  for  the  limestone  to  be  used  in  the  construction  of  build- 
ings. 

Description  of  Individual  Areas. 

From  only  one  of  the  many  quarry  areas  in  this  formation  is 
the  stone  shipped  to  any  extent  This  is  known  as  the  Duck 
Greek  area,  and  is  located  in  Brown  county  about  two  miles  and 
a  half  north  of  Green  Bay.     The  local  demand  for  stone  in  the 
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Pox  river  valley  is  largely  supplied  by  quarries  at  Kaukaunay 
Neenah,  Oshkosh,  and  Appleton.  The  remaining  quarries  in 
this  formation  supply  stone  only  for  local  consumption.  It  will 
be  our  purpose  to  consider,  first,  the  Duck  Creek  area,  then  the 
Fox  River  Valley  area,  and,  lastly,  in  a  general  way,  the  indi- 
vidual quarries  of  the  remainder  of  the  region.  For  additional 
detailed  information  concerning  this  formation  and  the  charac- 
ter of  the  rock  occurring  at  different  localities,  the  reader  is  re- 
ferred to  the  volumes  of  the  Geology  of  Wisconsin,  where  much 
more  complete  descriptions  may  be  found. 

DUCK   CBEEK   ABEA. 

Three  quarries  have  been  opened  in  the  Trenton  limestone  at 
Duck  Creek,  about  2^  miles  north  of  Green  Bay.  (See  Plate 
XL.)  The  quarries  are  located  immediately  adjacent  to  each 
other,  and  the  stone  from  all  the  quarries  is  essentially  the  same, 
being  taken  from  the  upper  beds  of  the  Trenton,  known  as  the 
Galena.  The  first  quarry  was  opened  about  1855,  the  second 
about  two  years  later,  while  the  third  was  opened  in  1891. 
These  quarries  are  generally  operated  the  year  around,  and 
have  been  worked  almost  continuously  since  first  opened. 

Quarry  Observations, 

The  stone  is  a  magnesian  limestone,  and  has  a  general  bluish 
gray  color.  The  bedding  is  usually  uneven,  being  arched  up  Jn 
a  number  of  places  on  the  floor  of  the  quarries.  The  partings, 
between  the  bedding  planes,  are  emphasized  by  thin  leaves  of 
shale  which  increase  the  facility  with  which  the  beds  are  capped. 
The  beds  vary  in  thickness  from  8  to  28  inches.  Between  some 
of  the  heavier  ones  there  is  an  occasional  thin  layer  of  clay  sev- 
eral inches  in  thickness. 

The  joints  strike  about  N.  68^  E.  and  K  30°  W.,  and  occur 
sufficiently  far  apart  to  assure  one  of  almost  any  desired  lateral 
dimensions. 

An  occasional  pink  flinty  lamina  occurs  between  the  dark  blue 

beds^  and  small  drusy  cavities,  lined  with  quartz  and  occasion- 
18 
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ally  containing  sphalerite,  pyrite,  or  iron  oxide,  are  character- 
istic of  some  of  the  beds. 

The  companies  operating  at  this  place  are  the  Gillen  Stone 
Co.,  the  Duck  Creek  Co.,  and  the  C.  &  N.  W.  Ry.  Co.  The  Rail- 
way Co.  has  opened  their  quarry  to  the  greatest  depth,  and  the 
following  section,  taken  from  the  top  to  the  bottom  .of  that 
quarry,  indicates  the  general  character  of  the  stone  from  emA  of 
the  three  openings. 

15  in.    Considered  one  of  the  best  beds  of  the  quany.    Below  this  bed 

is  1^  or  ^  inch  of  clay. 
34  in.    Sometimes  runs  solid,  while  at  oUmt  times  it  is  split  into  two  or 
three  courses. 

16  in.    Solid  bed.    Is  never  capped. 

19  in.    Works  into  good  18  in.  coursing. 

28  in.    This  bed  is  split  up  into  any  desired  thickness. 

11  in.    This  bed  is  shelly  and  worthless. 

15  in.    This  bed  differs  in  quality  in  different  parts  of  the  quarry.    In 

some  places  it  is  suitable  for  dimension  stone,  and  in  other 

places  it  is  shelly  and  worthless. 

A  section  of  the  Duck  Creek  quarry,  adjacent  to  the  one  from 
which  the  above  section  was  taken,  shows  that  the  courses  are  es- 
sentially the  same,  differing  only  in  minor  details.  The  quarry 
of  the  Gillen  Stone  Co.  is  immediately  adjacent  to  the  Duck 
Creek  quarry,  and  the  courses  likewise  correspond  in  their  gen- 
eral characteristics. 

Laboratory  Examination. 

The  Dressed  Sample. — The  limestone  from  these  quarries  is 
readily  cut  and  carved  and  takes  a  very  good  polish.  The  sam- 
ple in  the  laboratory  of  the  Survey,  from  the  Gillen  Stone  Co.'s 
quarry,  indicates  very  nicely  the  character  of  the  dressed  wort 
The  rock  face  is  pleasing,  and  the  buildings  in  which  this  style 
of  work  has  been  used  look  equally  well.  The  color  is  pleasing 
and  gives  the  stone  a  very  attractive  appearance.  The  ham- 
mer dressed  surface  is  exceptionally  fine,  and  suitable  for  the 
best  kind  of  architectural  effects.  The  carving  is  illustrated  in 
Plate  LIX. 
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Microscopical  Examination. — The  microscopical  examination 
■shows  that  the  limestone  is  well  compacted,  although  not  com- 
posed of  grains  of  imiform  size.  One  part  of  the  section  may  be 
fine  grained,  and  the  other  coarse.  The  stone  is  thoroughly 
crystalline,  but  shows  occasional  brownish  streaks  due  to  the 
presence  of  iron  oxide.  The  rock  also  contains  a  very  small 
amount  of  argillaceous  material.  The  structure  and  details  of 
the  rock  are  well  shown  in  the  microphotograph,  Plate  LXIX.^ 
Fig.  1. 

Chemical  Analysis. — The  following  is  a  chemical  analysis 
of  the  Duck  Creek  limestone,  made  by  Prof.  W.  W.  Daniells. 
The  insoluble  residue  is  3.l7j^,  while  the  argillaceous  material 
reaches  1.95^,  which  is  higher  than  that  contained  in  limestone 
from  other  formations  in  this  state. 

Si    O, 3.17 

AUO. >     135 

Fe,  O, > 

CaCO, 49.97 

MgCO, 44.58 

99.67 

Physical  Tests. — The  specific  gravity  and  amount  of  water 
absorbed  are  given  in  Chapter  VIII.,  Table  V.  An  examina- 
tion of  these  tables  shows  that  the  average  specific  gravity  is 
about  2.84,  while  the  porosity  averages  1.04j^,  and  the  ratio  of 
absorption  about  .37;^.  The  effects  of  alternate  freezing  and 
thawing  are  given  in  Chapter  VIII.,  Table  VI.  The  average 
loss  in  weight  was  .60j^  on  a  mass  of  about  393  grams.  The  dif- 
ference in  the  crushing  strength  of  the  fresh  and  frozen  samples 
is  recorded  in  Table  VII.,  of  the  same  chapter.  The  result 
there  recorded  gives  the  frozen  samples  a  higher  crushing 
strength  than  the  fresh  ones.  The  reason  for  this  is  not  the 
greater  strength  of  the  frozen  samples,  but  the  result  of  the  way 
in  which  the  fresh  samples  were  crushed.  The  samples  were 
first  placed  in  a  100,000  lb.  machine,  in  which  the  ultimate 
strength  was  not  reached,  and  then  removed  and  crushed  in  a 
200,000  lb.  machine.     This  resulted  in  giving  a  compressive 
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strength  considerably  lower  than  the  stone  is  capable  of  stand- 
ing. 

Samples  were  also  tested  to  determine  the  effect  of  sulphurous 
and  carbonic  acid  gases.  The  results  of  these  tests  are  recorded 
in  Chapter  VIII.,  Tables  VIII.  and  IX.  It  will  be  observed 
that  the  loss  in  weight  due  to  treatment  with  carbonic  acid  gas 
was  imperceptible,  while  the  treatment  with  sulphurous  acid 
gas  resulted  in  a  loss  of  less  than  .03  of  a  gram  on  a  mass  of 
about  44  grams.  Samples  of  the  limestone  were  subjected  to 
high  temperature  tests,  with  the  results  given  in  Chapter  VIII., 
Table  X.  Certain  of  the  cubes  were  heated  to  a  temperature  of 
1,200°  F.,  and,  upon  suddenly  cooling,  flaked  off  at  the  comers^ 
(See  Plate  LVII.)  Others  remained  uninjured,  imtil  they 
were  calcinated.  At  a  temperature  of  1,000°  F.  the  samples 
changed  to  a  whitish  color  on  the  outer  surface. 

The  crushing  strength  of  the  rock  is  given  in  Chapter  VIII., 
Table  II.  It  will  be  noted  that  the  crushing  strength  is  very 
high,  almost  equaling  that  obtained  in  the  tests  of  the  limestone 
from  the  Niagara  formation.  The  average  crushing  strength  is 
24,552  lbs.  per  sq.  in.,  which  is  considerably  below  the  actual 
compressive  strength,  as  explained  on  a  previous  page. 

Oeneral    Considerations. 

In  general,  the  results  of  the  laboratory  tests  are  very  satis- 
factory, showing  that  the  stone  possesses  not  only  great  strength 
but  also  a  capacity  to  withstand  the  destructive  agents  of  the 
atmosphere. 

Still  it  must  be  noted  that  the  samples  tested  were  perfectly 
solid,  showing  none  of  the  irregular  lamination  observed  in  the 
larger  beds.  For  this  reason,  one  should  not  depend  exclusively 
upon  the  laboratory  tests  in  estimating  the  effects  of  alternate 
freezing  and  thawing  on  the  stone  as  a  whole. 
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Description   of   Individual   Quarries. 

THE    C.    &    N.    W.    ry.    CO.'S    QUABBT. 

The  quarry  of  the  C.  &  N.  W.  Ey.  Co.  has  been  operated  al- 
most continuously  for  about  40  years.  It  consists  of  a  single 
opening  about  400  ft.  square  and  19  feet  deep.  The  company 
controls  about  45  acres  of  land  surrounding  the  opening,  is 
equipped  with  all  necessary  machinery,  and  has  an  invested  cap- 
ital of  about  $21,000.00.  For  the  past  eighteen  years  the  stone 
has  been  used  almost  exclusively  for  railroad  purposes.  Many 
of  the  bridge  abutments  on  the  C.  &  N.  W.  Railway,  and  the 
locks  along  the  Fox  river,  between  Green  Bay  and  Wrightstown, 
are  constructed  v  it  of  this  stone.  It  is  now  being  used  in  the 
elevation  of  the  tracks  of  the  C.  &  N.  W.  Railway  in  Chicago. 

Statistical  Data. 

AmouDt  of  capital  invested:    121,000.00. 

Facilities  at  hand  for  quarrying:  1  20-hp.  engine;  1  channeler;  9  horse 
derricks;  8  steam  drills;  2  boilers. 

Average  number  of  employees:    140. 

Wages  paid  different  classes  of  employees:  Ijaborers,  $1.25;  quarry  men, 
$1.50;  stonecutters,  $3.00. 

Cost  of  cutting  and  dressing:    Bridge  stone,  $2.75  per  cubic  yard. 
Shipment  for  the  past  five  years:    1,000  to  2,500  carloads  annually. 

DUCK    CREEK    QUARRY. 

The  Duck  Creek  quarry,  east  of  the  railroad  quarry,  is  owned 
and  operated  by  M.  Burnette.  The  quarry  has  been  worked  al- 
most continuously  for  43  years.  It  consists  of  one  large  open- 
ing about  17  ft.  deep,  and  is  equipped  with  all  necessary  machin- 
ery, including  one  polishing  machine.  The  stone  has  found  a 
market  mainly  in  Milwaukee  and  the  larger  cities  of  the  Fox 
River  Valley,  and  has  been  used  for  bridges,  piers,  foundations, 
and  heavy  building  purposes.  Stone  from  this  quarry  has  been 
used  in  the  Milwaukee  Post  Office,  Milwaukee  City  Hall,  the 
Court  House  at  Crystal  Falls,  Michigan,  St.  Joseph's  Orphan 
Asylum  at  Green  Bay,  and  in  numerous  other  buildings. 


278       ^^^  BVILDIKO    STOyES    OF    WISCONSIX. 

Statistical  Data. 

Amount  of  capital  invested:    91 ,  000 .  00. 
Shipments  the  past  five  years: 

1892,  bridge  stone,  1,000  yds.;  building,  1,000  yds. 

1883,  bridge  stone,  1,500  yds.;  building,      500  yds. 

1804,  bridge  stone,      500  yds.;  building,      300  yds. 

1885,  bridge  stone,      300  yds.;  building,      200  yds. 

1885,  bridge  stone,      600  yds.;  building,      400  yds. 
Facilities  at  hand  for  quarrying:    2  engines,  3  steam  drills,  1  channeler,. 
2  steam  derricks,  4  hand  derricks,  1  polisher. 
Average  number  of  employees:    6  to  25. 
Wages  paid  different  classes  of  employees:    $1 .25  to  $3.00. 
Cost  of  transportation:    $.05  per  100  lbs.  to  Milwaukee,  by  rail 


THE    GILLEN    STONE    CO. 

The  Gillen  Stone  Co.'s  quarry  was  opened  in  1891.  It  is  lo- 
cated directly  east  of  the  Duck  Creek  quarry,  and  is  operated  by 
H.  E.  Gillen  &  J.  A.  Green.  The  quarry  consists  of  one  open- 
ing, 600  ft.  long,  400  ft  wide,  and  15  ft.  deep.  The  company 
controls  about  22  acres  of  land  surrounding  the  opening,  and  is 
equipped  with  all  necessary  machinery,  including  steam  pumps 
and  steam  drills.  The  market  for  the  stone  has  been  confined 
to  a  radius  of  about  100  or  200  miles.  The  stone  has  been  fur- 
nished for  basements,  piers,  buildings,  and  macadam.  It  has 
been  used  in  the  construction  of  bridges  at  Manitowoc,  Sheboy- 
gan, Green  Bay,  and  Neenah,  and  in  bridges  for  the  Wisconsin 
and  Michigan  railroads,  and  numerous  buildings  in  Green  Bay^ 
Wis.,  and  Menominee,  Mich. 

The  samples  tested  in  the  preparation  of  this  report  were  fur- 
nished by  the  Gillen  Stone  Co. 

Statistical  Data. 

Amount  of  capital  invested:    $20,000.00. 

Facilities  at  hand  for  quarrying:  4  engines  and  boilers,  1  steam  der- 
rick, 1  hp.  and  1  hand  derrick,  1  steam  pump,  3  steam  drills,  1  centri- 
fugal pump. 

Average  number  of  employees:    30  to  40. 
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Wages  paid  dififereDt  classes  of  employees: 

Laborers  $1 .50 

Steam  drillers 1 .  75 

Helpers 1.25 

Stone  cutters 3.00 

Foreman 2.25 

Cost  of  cutting  and  dressing  por  square  foot:    From  $.15  to  $.50. 

Ax-hammered $.20 

Bush  hammered  or  chiseled 35-. 60 

Average  value  of  each  grade  per  cubic  foot:    $.15  for  rough  stone. 

General    Considerations. 

In  general,  the  quarries  of  this  area  are  prepared  to  fnmiah 
stone  for  all  light  or  heavy  constructional  work.  The  stone 
which  is  taken  from  the  three  quarries  is  essentially  the  same> 
and  the  purposes  for  which  it  is  suited  are  likewise  the  same. 
The  main  objection  to  the  stone  is  the  fine  lamination  which  it 
possesses  in  nearly  all  of  the  beds  of  the  quarries.  The  fine 
clay  seams  which  are  scarcely  perceptible  when  the  stone  is  first 
quarried  often  manifest  themselves  after  years  of  exposure,  re- 
sulting finally  in  shelling  or  flaking  the  stone.  It  is  quite  sig- 
nificant that  the  stone  from  these  quarries  which  has  been  used 
in  the  bridge  abutments  of  the  C.  &  N.  W.  railroad,  when  once 
taken  out  cannot  be  built  into  the  wall  again,  on  account  of  its 
shelly  condition.  Before  being  placed  in  bridges  or  used  in 
building  foundations  for  heavy  buildings,  it  should  be  carefully 
examined  to  see  that  no  conspicuous  parting  planes  are  present. 
When  the  stone  is  used  in  positions  where  it  is  protected  from 
the  weather,  the  flaking  will  not  be  so  likely  to  occur,  and  the 
carved  and  cut  surfaces  may  remain  for  years  as  distinct  as  when 
the  stone  was  first  laid. 

It  is  thought  that  the  stone  from  these  quarries  has  been  used 
too  generally  in  unfavorable  positions,  and  that  care  should  be 
exercised  in  its  use.  The  reason  that  builders  have  considered 
the  stone  eminently  fitted  for  constructional  purposes  is  due 
mainly  to  the  fact  that  the  C.  &  N.  W.  Ry.  Co.  has  used  it  so 
largely  in  the  construction  of  heavy  bridges   along  their  line. 
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With  this  as  a  reoommendation  for  the  stone,  it  has  been  placed 
in  many  positions  where  its  use  may  be  questionable. 

FOX   BIVEB   VALLEY   ABEA. 

The  quarries  included  in  this  area  are  located  at  Kaukauna, 
Appleton,  Neenah,  Menasha,  Oshkosh,  and  Waupun.  Althou^ 
subject  to  local  textural  variations,  the  stone  does  not  differ  ma- 
terially from  that  quarried  at  Duck  Creek.  With  the  exception 
of  that  obtained  at  Kaukauna,  the  stone  is  mainly  quarried 
either  from  the  lower  beds  of  the  Galena  or  the  upper  beds  of  the 
Trenton.  The  Kaukauna  limestone  is  not  easily  distinguished 
from  the  Duck  Creek,  and  the  general  description  of  that  stone 
will  apply  to  that  from  Kaukauna  also.  The  stone  from  the 
other  localities  varies  in  texture  from  that  which  is  finely  crys- 
talline, to  that  which  is  coarse  and  sugary.  The  stone  fre- 
quently contains  small  drusy  cavities,  partially  filled  with  cal- 
cite  and  pyrite.  The  pyrite  is  differently  colored,  and  varies 
considerably  in  crystal  habit.  Besides  occurring  in  drusy  cav- 
ities, it  is  sometimes  disseminated  through  the  mass  of  the  rock 
in  small  crystals. 

Small  round,  yellowish  white  spots  of  a  quartzose  nature  oc- 
cur in  some  parts  of  the  limestone.  When  stone,  containing 
fluch  spots  is  placed  in  the  wall  of  a  building,  the  soft  parts 
weather  out,  leaving  cavities  which  look  much  like  worm  borings. 
These  imperfections  in  the  stone  are  often  obscured  by  hammer 
dressing,  but  this  method  of  obliterating  the  true  character  of 
the  stone  is  only  temporary,  and  after  a  number  of  years  of  ex- 
posure to  the  atmosphere  the  imperfectior.s  often  show  again. 

<liiarrles  at  Kaukauna. 

likdauee's  quabbt. 

As  previously  noted,  the  stone  quarried  near  Kaukauna  is 
very  similar  to  that  obtained  from  Duck  Creek.  It  is  quar- 
ried mainly  by  L.  Lindauer,  along  the  bed  of  the  Fox  river,  be- 
tween Kaukauna  and  Little  Chute.  The  river  channel  at  this 
place  is  shallow,  and  during  high  water  the  river  spreads  over 
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the  adjacent  land,  forming  a  narrow  flood  plain.  When  the 
water  is  low,  the  limestone  is  exposed  in  the  channel,  and  it  is 
mainly  from  these  exposed  beds  that  the  stone  is  quarried.  The 
beds  are  8,  12,  and  19  inches  in  thickness,  and  stone  can  be  ob- 
tained in  almost  any  required  lateral  dimensions.  The  stone 
is  irregularly  laminated,  similar  to  that  from  the  Duck  Creek 
quarries,  and  is  broken  by  vertical  joints  which  strike  N.  33°  E. 
and  K  40°  W. 

It  has  been  noticed  by  the  workmen  that  the  stone  which  is 
taken  from  the  river  bed  at  the  lowest  level  is  more  solid  than 
that  which  is  taken  higher  up.  This  is  simply  an  indication 
that  the  stone  which  is  ordinarily  beneath  the  water  has  not  been 
subjected  to  alternate  freezing  and  thawing,  as  has  the  stone 
which  occurs  at  or  above  the  water  level.  The  sap  is  often  sev- 
•eral  inches  deep,  necessitating  capping  the  stone  when  used  in 
important  positions.  The  beds  are  not  perfectly  horizontal,  on 
account  of  which  one  part  may  be  under  water,  while  another  is 
above.  For  this  reason,  a  single  bed  may  be  shelly  in  one  part 
and  solid  a  short  distance  away.  Occasionally  a  small  clay 
pocket  occurs  in  certain  of  the  beds,  but  such  an  occurrence  is 
not  common. 

A  number  of  buildings  have  been  constructed  out  of  this  stone, 
among  which  are  several  of  the  pulp  and  paper  mills  at  Kau- 
kauna.  One  of  these  mills  was  burned  in  1896,  but  the  walls 
«till  stand,  and  with  one  exception  they  will  probably  be  used  in 
the  reconstruction  of  the  building.  As  a  result  of  the  fire,  the 
stone  flaked  off  on  the  corners,  where  the  heat  was  most  intense. 

black's  quarry. 

A  small  quarry,  owned  by  Mr.  Black,  is  located  about  a  half  a 
mile  north  of  the  city  quarry.  The  different  beds  are  very 
similar  to  those  in  the  previously  described  quarry.  The  open- 
ing has  a  depth  of  about  8  ft.,  and  is  about  200  ft.  square. 
Blasting  is  the  principal  method  employed  in  quarrying,  and 
for  this  reason  much  of  the  stone  has  been  shattered  and  broken. 

This  quarry  is  away  from  the  river,  and  the  stone  can  be  bet- 
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ter  depended  upon  than  that  which  is  quarried  from  the  river 
bed. 

The  stone  from  these  quarries  is  suited  mainly  for  those  uses- 
in  which  the  danger  from  freezing  and  thawing  are  a  minimum. 
Where  it  is  used  for  walls  or  trimming,  care  should  be  exercised 
in  selecting  that  which  is  perfectly  sound. 

<l«Arrie«  At  Appletom, 

GRAND    CHUTE    STONE    QUARRY. 

Stone,  similar  to  that  obtained  at  Kaukauna,  is  quarried  in- 
discriminately from  the  bed  of  the  Fox  river  at  Appleton.  Stone 
is  also  quarried  by  C.  F.  Smith,  at  a  place  about  three  miles 
south  of  Appleton.  This  quarry,  known  as  the  Grand  Chute 
Stone  Quarry,  consists  of  one  opening  about  150  ft.  long,  100  fL 
wide,  and  19  ft.  deep.  The  quarry  was  opened  in  1893,  and 
has  been  worked  almost  continuously  each  year  since. 

The  bedding  planes  are  rough  and  irregular,  splitting  the 
stone  into  layers  from  6  to  12  inch^^s  in  thickness.  The  jointing 
planes  strike  X.  40°  E.  and  X.  47^  W.,  and  are  from  4  to  10  feet 
apart.  An  occasional  niud  seam  penetrates  the  quarries  to  a 
depth  of  6  or  8  ft.,  injuring  the  adjacent  stone.  The  stone  haa 
a  somewhat  coarse,  sugary  texture,  and  breaks  with  a  splintery 
fracture.  The  predominant  color  is  dark  bluish  gray,  with  oc- 
casionally a  pinkish  tone.  The  stone  which  is  quarried  for 
coursing  is  rough,  and,  unless  hammer  dressed,  has  a  somewhat 
unsatisfactory  appearance. 

tesch's  quarry. 

Another  small  quarry,  which  is  located  about  half  a  mile 
northwest  of  the  Grand  Chute  quarry,  is  owned  and  operated  by 
August  Tescli.  The  stone  is  essentially  the  same  as  that  taken 
from  Mr.  Smith's  quarry.  The  face  is  about  G  ft.  deep,  below^ 
which  is  a  bed  of  soft  sand  rock,  in  which  are  imbedded  numer- 
ous geodes  of  marcastite. 

<ivArrle«  At  XeenAli  And  MeiiA«hA. 

The  demand  for  rough  foundation  stone  and  trimmings  m 
these  cities  is  supplied  mainly  by  quarries  located  in  the  inmie- 
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diate  vicinity.  The  quarries  are  five  in  number,  and  are  owned 
and  operated  by  W.  H.  Jones,  Jens  Jorgenson,  Robt.  Felker^ 
Phillip  Abendshein,  and  Fred  Engel.  The  stone  is  essentially 
the  same  as  that  which  has  been  described  from  the  Grand  Chute^ 
Stone  Quarry  of  Appleton. 

ISLAND    CITY    QUAKEY. 

The  quarry  which  is  owned  and  operated  by  G.  C.  Jones,  of 
Neenah,  is  located  on  what  is  known  as  the  island,  from  which 
it  derives  its  name.  The  opening  is  small,  being  about  200  ft. 
long,  350  ft.  wide,  and  5  ft.  10  in.  deep.  The  stripping  is  very 
light,  and  the  beds  are  from  4  to  20  inches  thick.  The  stone  is 
a  dark  blue,  dolomitic  limestone.  It  dresses  quite  readily,  but 
on  acount  of  its  laminated  structure,  is  little  suited  for  fine 
building  purposes.  It  is  used  mainly  for  foundation  and  curb- 
ing. 

THE  MENASHA  QUAEEY. 

This  quarry  is  located  immediately  north  of  Menasha,  on  the 
Menasha  and  Appleton  road,  and  is  owned  and  operated  by  Jens 
Jorgensen.  It  has  a  face  of  about  32  ft.,  of  which  2  to  5  ft.  are 
stripping.  The  best  coursing  stone  occurs  at  a  depth  of  about 
4  ft.  6  in.,  and  is  from  8  to  9  in.  thick.  The  beds  dip  at  anr 
angle  of  about  8°  SW.  The  stone  from  this  quarry  is  used 
largely  for  macadam,  although  foundation,  curbing  and  ordi- 
nary building  stone  are  also  sold. 

Statistical  Data. 

Amount  of  capital  invested:    |3,000.CO. 

Facilities  at  hand  for  quarrying:  2-12  hp.  engines;  1  steam  drill;  1 
steam  pump. 

Average  number  of  employees:    From  5  to  30. 

Wages  paid  different  classes  of  employees:  Foreman,  $2.00;  engineers^ 
$1.75;  teams,  $3.00;  labor,  $1.25. 

NEENAH  STOITB  QUABBY. 

This  quarry,  which  is  owned  and  operated  by  Phillip  Abend- 
shein,  is  located  on  the  lake  shore  road,  near  the  southern  limita 
of  the  city  of  Neenah.     The  quarry  was  opened  about  25  years^ 
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ago,  and  has  been  operated  each  year  since.  One  opening, 
about  8  ft.  deep,  has  been  made,  from  which  stone  10  in.  or  less 
in  thickness  and  of  ahnost  any  desired  lateral  dimensions  can  be 
quarried.  The  stone  is  similar  in  all  respects  to  that  from  the 
other  quarries  in  this  vicinity,  and  is  used  mainly  for  founda- 
tion purposes. 

Statistical  Data. 

Amount  of  capital  invested:    $6,000.00. 

ESquipment:    1  steam  crusher,  crowbars,  drills,  etc. 

Average  number  of  employees:    6. 

Wages  paid  different  classes  of  employees:    $1.25  to  $2.00. 

Average  value  of  each  grade  per  cubic  foot;    About  $.03. 

THE  OLD  m'gEAW  QUAKRY. 

This  quarry,  owned  by  Fred  Engel,  was  opened  in  1862,  and 
has  been  worked  each  year  since.  It  is  situated  about  a  mile 
from  Neenah,  and  consists  of  a  single  opening  about  400  ft.  long 
400  ft.  wide,  and  6  ft.  deep.  The  beds  are  from  4  to  12  inches  in 
thickness,  and  are  cut  by  vertical  joints  striking  N.  82°  E.  and 
N.  42°  W.  The  stone  is  very  similar  to  the  Trenton  limestone 
quarried  elsewhere,  except  that  the  color  has  a  purplish  tone. 
The  stone  has  been  used  exclusively  for  local  consumption,  and 
may  be  seen  in  the  Second  and  Third  Ward  Schools  and  the 
German  Lutheran  church  at  Neenah,  and  the  new  German 
Lutheran  church  at  Menasha. 

Statistical  Data. 

Amount  of  capital  invested:    $2,000.00. 

Facilities  at  hand  for  quarrying:    Everything  done  by  hand. 

Average  number  of  employees:    4. 

Wages  paid  different  classes  of  employees:    $1.50. 

Cost  of  cutting  and  dressing  stone  per  square  foot:    $.25. 

Average  value  per  cubic  foot:    $.04  and  $.06. 

felkee's  quaeby. 

A  short  distance  from  the  quarry  owned  by  Phillip  Abend- 
shein  is  located  the  quarry  operated  by  Robt.  Felker.     The  face 
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of  the  quarry  is  about  9  ft.  deep.  The  beds  run  from  7  to  11 
inches  in  thickness,  and  are  cut  by  irregular  joints  which  strike 
N.  35 "^  W.  and  N.  85°  W.  The  stone  has  a  dark  blue  color,  and 
is  rough  and  irregularly  bedded,  often  containing  small  drusy 
cavities,  lined  with  calcite. 

Like  the  other  quarries  of  the  Fox  River  Valley  area^ 
those  in  the  vicinity  of  Oshkosh  have  been  developed  mainly 
to  supply  the  local  demand.  Very  little  of  the  stone  is 
shipped  out  of  the  city.  Three  quarries  are  located  at  this 
place,  owned  and  operated  respectively  by  Lutz  Bros.,  Last  & 
Son,  and  Wm.  Eiek.  These  quarries  are  all  located  near  the 
outskirts  of  the  city,  in  what  is  known  as  South  Oshkosh. 

Lutz  Bros '  quarry  illustrates  the  general  character  of  the 
stone  from  all  three  of  the  quarries.  The  main  joints  strike  N. 
38°  E.,  K  83^  E.,  K  38°  W.,  and  K  70°  W.  The  first  set,  oc- 
curring at  intervals  of  20  ft.,  is  the  main  set  The  others  are 
more  irregular,  and  often  much  closer.  The  following  vertical 
section  of  this  quarry  indicates  the  general  character  of  the  beds. 

10  ft.    Stripping. 

7  ft    Series  of  beds  from  3  to  8  inches  in  thickness. 

8  in«    Solid  bed.    Used  for  dimension  stone. 

1  ft    Can  be  split  into  two  beds  in  many  places.    Used  for  curbing. 

3  in.    Flagging. 

16  in.    Used  for  dimension  stone. 

9  in.    Used  for  flagging. 

11  in.    Used  for  curbing. 

9  in.    Used  for  dimension  stone. 

2  in.    Flagging. 

4  in.    Flagging. 
4  in.    Flagging. 

2  ft    Composed  of  seven  flags,  2  to  4  in.  in  thickness. 

4  in.    Flagging. 

7  in.  Used  for  various  purposes. 
7  in.  Used  for  various  purposes. 
2  ft  10  in.    Very  irregularly  laminated.    Used  for  foundation  purposes. 

5  in.    Used  for  curbing. 
5  in.    Used  for  curbing. 
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The  bedding  planes  are  frequently  disoontmuouSy  on  acoonnt 
<i  wkidi  an  apparently  massive  bed,  in  one  part  of  the  quarry, 
may  break  into  two  or  three  smaller  beds  in  another  part  The 
<solor  is  blue  to  bluish  gray.  The  heaTieg  Inda  are  somewhat 
vesicular,  frequently  exhibiting  small  drusy  cavities,  paitiaftf 
filled  with  crystals  of  calcite  or  pyrite.  Fossils  are  found 
abundantly  between  the  beds. 

A  number  of  buildings  have  been  constructed  out  of  stone 
from  this  quarry,  some  of  which  have  stood  as  many  as  15  or  20 
jears.  The  stone  in  the  walls  of  the  older  buildings  shows  the 
effect  of  exposure  to  the  atmosphere.  In  some  places  the  stone 
appears  as  though  it  had  been  permeated  with  worm  borings. 
The  appearance  of  the  stone  in  the  lately  constructed  buildings 
is  very  good  when  viewed  from  a  distance,  but  when  closely  ex- 
amined, the  stone  presents  a  somewhat  rough  surface,  in  which 
drusy  cavities,  lined  with  pyrite  and  calcite,  are  conspicuous. 
The  stone  is  used  both  for  rock  face  and  hanmier  dressed  work 
The  principal  uses  are  building,  foundations,  and  curbing. 

The  stone  w^hich  is  quarried  from  Last  &  Sons^  and  Beick*8 
quarries  does  not  differ  essentially  from  that  which  is  quarried 
from  Lutz  Bros.'  quarry. 

Several  quarries  have  been  opened  in  the  Trenton  limestone 
at  Waupun,  the  output  being  used  almsot  entirely  for  local 
consumption.  Among  the  quarries  which  have  been  lately  op- 
erated may  be  mentioned  those  of  S.  M.  Randall,  John  McCuen, 
and  John  S.  Lee.  The  stone  from  these  quarries  does  not  dif- 
fer materially  from  the  Trenton  limestone  quarried  in  other 
parts  of  the  Fox  River  Valley. 

TJIK    WAUPUN    STOXK    QUAREY. 

The  Waupun  Stone  Quarry,  which  is  owned  and  operated  by 
S.  M.  Randall,  was  opened  about  25  or  30  years  ago.  It  con- 
sists of  one  opening  about  250  ft.  long,  130  ft.  w4de,  and  12  ft 
deep.  The  stone  occurs  in  beds  from  4  to  12  inches  in  thick- 
ness, and  can  be  quarried  in  blocks  of  any  reasonable  lateral  di- 
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mensions.     The  following  is  a  secticm  of  the  quanj  be^mting 

at  the  top. 

5  ft.  8  io.  Used  for  foundation  stone.  Occasionally  a  piece  is  obtained 
which  is  suitable  for  coursing.  The  stone  has  a  brownish  color,  which  has 
resulted  from  weathering. 

4  in.    Flagging. 

9  in.    Used  mainly  for  coursing.    The  sap  is  about  1^  inches  deep. 
Tin.    These  beds  are  comparatively  free  from  drusy  cavities.    The  stone 
is  used  mainly  for  sills  and  caps. 

5  in.  Very  vesicular  and  spotted  with  brown.  Suitable  only  for  the 
roughest  foundation  or  footing  work. 

5  in.    Coursing. 

3  in.    Rubble  for  foundation  stone. 

7  in.    Coursing.    This  bed  is  comparatively  solid  and  even  textured. 
11  in.    Coursing.     Is  dressed  for  corners.    This   layer  sometimes  splits 

into  two  beds. 
2  ft.    Not  well  exposed.     Used  for  foundation  purposes. 

The  stone  from  this  quarry  has  been  used  in  the  construction 
of  the  water  works  tower,  in  several  stores  in  the  city,  in  the 
State  Prison  foundation,  in  the  Brandon  High  School,  and  in 
a  large  number  of  other  equally  important  structures. 

Statistical  Data. 

Amount  of  capital  invested:    $1,000.00. 

Facilities  at  hand  for  quarrying:    Steam  drill;   1  engine,   lO-hp;  stone 

crusher;  hammers^    wedges,  bars,  etc.  , 

Average  number  of  employees:    From  6  to  20. 
Wages  paid  different  classes  of  employees;    $1.25  to  $1.75. 
Shipments  during  the  past  five  years:    75  cords  coursing  stone;  150  cords 

flagging;  1,200  ft.  window  sills  and  caps. 

lee's    quakky. 

The  quarry  o^\^led  and  operated  by  John  S.  Lee  is  located 
in  the  northeastern  part  of  the  city  of  Waupun.  It  was  opened 
in  1857,  and  has  been  operated  more  or  less  each  year  since. 
The  opening  covers  about  IJ  acres  of  ground,  and  is  about  10 
ft.  deep.  The  beds  are  from  3  to  8  in.  thick,  and  can  be  quar- 
ried in  large  lateral  dimensions.  The  face  of  the  quarry  con- 
sists of  about  13  or  14  courses  of  stone,  all  of  which  is  used  for 


288  ^^^    BVILDiya    STONES    OF    WISCOKSIN. 

foundation  purposes.  The  stone  from  this  quarry  has  been  used 
in  the  Odd  Fellows  Hall,  State  Prison,  and  numerous  other 
buildings  in  Waupun. 

THE  m'cUEN  QUAMtT. 

The  McCuen  quarry  is  immediately  adjacent  to  the  Lee 
quarry,  just  described.  The  opening  is  irregular  in  shape  and 
has  a  depth  of  about  8  ft.  The  face  consists  of  twenty  beds  of 
stone,  from  4  to  8  inches  in  thickness.  The  bedding  planes  are 
irregular  and  the  floor  is  somewhat  uneven.  The  color  of  the 
stone  is  ordinarily  Mue,  but,  due  to  wes.thering,  it  frequently  has 
a  yellowish  color.  Some  of  the  rock  is  stained  brown,  which  is 
probably  due  to  the  weathering  of  pyrite.  The  joints  strike 
N.  75°  W.,  N.  40°  E.,  and  N.  40^  W.  They  occur  at  sufficient 
intervals  to  allow  reasonable  dimensions  to  be  quarried,  and  still 
they  are  close  enough  to  aid  muterially  in  quarrying. 

Oeneral   ConsiderationB. 

It  is  evident  from  the  examination  of  the  quarries  of  the  Fox 
River  Valley,  that  the  stone  quarried  is  mainly  suitable  for 
foundation  and  footing  purposes.  It  is  ordinarily  difficult  to 
dress,  and  has  a  rather  somber  appearance  when  worked  into 
buildings.  The  small  drusy  cavities,  and  the  irregular  lamina- 
tion, which  is  marked  by  thin  leavcb  of  clay,  occurring  in  some 
•of  the  stone,  renders  it  undesirable  for  fine  constructional  work. 
Yet  in  spite  of  this,  if  the  stone  is  carefully  selected,  it  can  be 
used  to  advantage  for  brick  trimming,  coursing,  and  other  sim- 
ilar purposes. 

THE     SOXTTHEBN     ABEA. 

The  southern  area  of  Trenton  limestone  includes  the  quarries 
at  Beloit,  Afton,  and  Janesville.  The  product  of  the  quarries 
at  these  places  is  used  almost  entirely  for  local  purposes,  and 
mainly  for  foundation  work  and  brick  trimmings.  In  some 
places  the  stone  has  been  manufactured  into  lime^  and  in  others 
it  has  been  crushed  for  macadam. 
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i(«arrle«  at  Beloit. 

The  two  most  important  quarries  at  Beloit  are  owned  and  op* 
erated  by  Mr.  Merrill  and  Wm.  Samp. 

samp's  quarby. 

Samp's  quarry,  which  is  located  near  the  northern  outskirts 
of  the  city,  consists  of  one  large  opening,  which  has  a  face  of 
about  25  ft.  The  color  of  the  stone  is  mainly  buff,  although 
a  number  of  the  lower  beds  are  blue.  The  thickness  of  the 
beds  is  somewhat  irregular,  some  of  them  being  badly  broken  up. 
The  joints  strike'N.  85^  E.  and  N.  30°  W.  The  stone  can  be 
quarried  in  almost  any  dimensions,  pieces  13  ft.  long  having 
been  obtained.  The  beds  which  are  most  generally  used  for 
coursing  are  9  in.  thick  and  have  a  buff  color. 

Merrill's  quarry. 

The  quarry  owned  and  operated  by  Merrill  is  located  two 
miles  west  of  the  city,  and  to  all  appearances  has  not  been 
operated  for  a  number  of  years.  The  stone  has  a  buff  color, 
and  the  beds,  which  are  from  4  to  6  inches  thick,  are  much 
broken  up.  The  quarry  has  a  face  of  about  20  ft.,  and  the 
joints  strike  about  N.  80°  W.  and  N.  85°  E.  The  stone  is  suit- 
able for  rough  foundation  work. 

General   Considerations. 

Several  of  the  larger  churches,  dwelling  houses,  college  build- 
ings, and  business  blocks  have  been  partially  constructed 
out  of  this  limestone.  In  all  these  instances  the  stone  shows 
more  or  less  deterioration  from  weathering.  As  in  the  case  at 
many  of  the  stone  buildings  constructed  thirty  or  forty  years 
ago  in  this  part  of  the  country,  the  joints  between  the  blocks  of 
stone  are  wide  and  irregular  in  shape.  The  mortar  naturally 
weathers  more  rapidly  than  the  stone,  and  if  the  joints  are  large 
the  decay  of  the  wall  is  hastened  accordingly. 

Certain  of  the  older  houses  in  Beloit  are  built  of  cobble  stones, 
19 
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cemented  in  layers  with  mortar.     The  walls  are  often  unique 
and  artistic  in  design^  but  necessarily  not  very  durable. 

ilmmrrle«  at  JamesTllle. 

The  Trenton  limestone  has  been  much  more  extensively  ex- 
ploited in  the  vicinity  of  Janesville,  than  in  the  vicinity  of  Be- 
loit  Five  quarries  are  now  operated.  They  are  owned  by  J. 
C.  Miltemore,  C.  Stout,  Andrew  Barron,  Mr.  Bisling,  and  Mr. 
Pratt.  All  the  stone  from  these  quarries  has  essentially  the 
same  characteristics.  The  color  is  ordinarily  bu£P,  with  an  oc- 
casional course  in  which  the  core  is  blue. 

THE    EUREKA    QUAREY. 

The  Eureka  quarry,  which  is  owned  by  J.  0.  Miltemore,  ii 
located  in  the  south  part  of  the  city,  near  the  tracks  of 
the  C.  &  X.  W.  Railway.  The  upper  thirty  feet  of  the  quarry 
consists  of  thinly  bedded  limestone,  much  broken  up.  This 
stone  is  crushed  and  used  for  macadam.  The  next  8  ft.  6  in., 
in  which  the  stone  ocurs  in  beds  of  irr^ular  thickness,  much 
broken  up,  is  used  mainly  for  foundation  purposes.  Below 
this  for  12  ft.  the  beds  arc  heavier,  and  larger  dimensions 
can  be  quarried.  Immediately  below  these  heavier  beds  of  lime- 
stone, and  resting  on  the  St.  Peters  sandstone,  are  two  18  in. 
beds  of  calcareous  sandstone.  These  two  quartzose  beds  are 
thought  to  be  better  adapted  to  withstand  weathering  than  any 
of  the  upper  courses,  and  for  this  reason  they  are  used  in  posi- 
tions near  the  water  line. 

Statistical  Data. 

Amount  of  capital  invested:    $20,000.00. 
Average  number  of  employees:    6-15. 
Wages  paid  different  classes  of  employees:    $1.50. 
Cost  of  transportation:     By  wagon  $1.50  per  cd. 
Average  value  per  cord:    $3.00  per  cd.  in  quarry. 
Shipments  for  the  past  five  years: 

1892 2,000  cda. 

1893 2,000  cds. 

1891 2.000  cda. 

1893 1,333  cds. 

1896 1,333  cds. 
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stout's  QUARBY. 

The  quarry  which  has  been  owned  and  operated  by  C.  Stout 
is  located  near  the  southern  limits  of  the  city,  on  the  west 
side  of  the  river.  Some  of  the  beds  are  as  much  as  3  ft.  in 
thickness,  but  these  may  be  split  into  thinner  courses,  if  desired. 
Wavy  lamination  is  characteristic  of  the  stone,  and  thin  beds 
of  clay  are  found  between  the  strata.  The  top  layers  in  the 
quarry  are  covered  with  about  5  ft.  of  gravel,  which  constitutes 
the  maximum  dead  stripping.  The  upper  15  ft.  of  stone  is 
thinly  bedded  and  much  broken  up,  being  unsuited  for  construc- 
tional purposes.  The  10  ft.  below  these  thin  layers  are  more 
heavily  bedded,  and  are  used  for  foundation  and  footing  pur- 
poses. 

bareon's  quarry. 

The  quarry  owned  and  operated  by  Andrew  Barron  is  lo- 
cated southwest  of  Janesville,  just  outside  of  the  city  limits. 
The  quarry  has  not  been  operated  for  a  number  of  years,  but  the 
stone  is  essentially  the  same  as  that  taken  from  the  other  quar- 
ries. 

Statistical  Data. 

Amount  of  capital  invested:  $6,000.00. 

Average  number  of  employees:  12. 

Wages  paid  different  classes  of  employees:  $1.00  to  $1.75. 

Cost  of  transportation:  by  water,  $2.00  to  $3.00  per  cd. 

Average  value  of  each  grade:  Rubble,  $3.00  per  od.  in  quarry. 

Dimension,  $3.50  per  cu.  yd. 

riek's  quarry. 

The  quarry  which  is  operated  by  Wm.  Riek  is  located  about 
1^  miles  north  of  the  city  and  close  to  the  river.  Both  the  buff 
and  blue  limestones  are  quarried  from  this  opening.  The  lower 
five  feet  of  the  buff  beds  are  solid  and  apparently  of  good  qual- 
ity. The  lowest  beds  in  the  quarry  are  blue,  and  are  from  12  to 
13  inches  thick.  The  face  of  the  quarry  is  about  45  ft.  deep, 
and  has  a  dead  stripping  of  from  20-25  ft.,  most  of  which  is 
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thinly  bedded,  much  broken  up  limestone.     The  upper  5  or  6  ft 
are  sand  and  graveL 

The  jointing  and  bedding  are  brought  out  clearly  by  weather- 
ing, and  show  that  large  dimensions  can  be  quarried  from  the 
blue  beds.  The  stone  has  been  used  mainly  for  bridge  abut- 
ments, arches,  and  foundations. 

PSATT^S  QUABBY. 

Located  a  short  distance  south  of  the  last  described  quarry  is 
another,  owned  and  operated  by  Mr.  Pratt.  The  beds  have  es- 
sentially the  same  characteristics  as  those  occurring  in  Biek's 
quarry.  The  face  of  the  quarry  is  about  30  ft  deep.  The 
stripping  is  heavy,  a  large  part  of  the  stone  at  the  top  being 
thinly  bedded  and  much  broken  up. 

^mmrry  at  Aftom. 

A  single  quarry,  owned  and  operated  by  Owen  E.  Gower,  is  lo- 
cated at  Afton.  The  quarry  is  across  the  river,  immediately 
south  of  the  village,  and  consists  of  a  small  opening  about  12  ft 
deep  and  60  ft  long.  The  stone  which  is  quarried  comes  from 
the  Trenton  beds  immediately  above  the  St  Peters  sandstone, 
and  is  suitable  only  for  foundation  purposes. 

THE    SOUTHWESTERN    ABEA. 

The  Southwestern  area  includes  a  large  niunber  of  quarries, 
located  at  different  places  in  the  southern  and  western  parts  of 
the  state.  Among  the  principal  localities  may  be  mentioned 
Mineral  Point,  Monroe,  Darlington,  Platteville,  Cassville, 
Biver  Falls,  and  Watertown.  The  general  characteristics  of 
the  stone,  and  the  similarity  in  occurrence  to  that  of  the  other 
areas  make  it  unnecessary  to  go  into  details  with  reference  to 
the  individual  quarries. 

iluarries  at  Mlmeral  Polmt. 

The  most  important  quarry  in  the  Trenton  formation  at  Min- 
eral Point  is  the  public  quarry.     This  quarry  is  situated  about 
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a  mile  south  of  the  city,  and  consists  of  a  single  opening,  imme- 
diately adjacent  to  the  wagon  road.  The  upper  courses,  and 
portions  of  the  lower,  near  the  hillside,  have  a  uniform  buff 
color.  Deeper  in  the  quarry  the  layers  are  less  altered,  and  have 
a  large  or  small  core  of  blue.  Along  the  jointing  planes,  altera- 
tion has  everywhere  extended  to  a  considerable  depth.  It  is 
claimed  by  the  quarrymen  that  the  buff  beds  are  easier  worked 
and  withstand  the  weather  better  than  the  blue.  The  joints  in 
this  quarry  strike  about  N.  63^  E.,  N.  10°  W.,  and  east  and  west 
The  jointing  planes  break  the  rock  into  various  sized  dimen- 
sions, sufficiently  large  for  all  ordinary  uses. 

In  the  vicinity  of  Darlington  the  quarries  in  the  Trenton  for- 
mation are  more  abundant  than  at  Mineral  Point.  This  is 
probably  due  to  the  absence  of  suitable  sandstone,  such  as  has 
been  used  quite  largely  at  the  latter  place.  The  quarries  in  the 
ricinity  of  Darlington  are  operated  by  N.  J.  Thompson,  Olaf 
Berglund,  Harry  Cone,  and  Thomas  Fawcett. 

A  number  of  houses  and  biisiness  blocks  in  Darlington  have 
been  erected  out  of  stone  from  the  various  quarries.  The 
masonry  work  is  rough,  and  the  appearance  of  the  buildings  cor- 
respondingly uninviting. 

TnOMPSON's     QUABUV. 

The  quarry  which  is  owned  and  operated  by  X.  J.  Thompson 
is  known  as  the  Darlington  Hydraulic  Cement  Quarry.  It  is 
located  about  3  miles  southeast  of  the  city,  was  opened  in  1898, 
and  has  been  operated  each  year  since.  The  opening  is  about 
120  ft.  long,  80  ft.  wide,  and  30  ft.  deep.  Dimension  blocks 
from  4  in.  to  4  ft.  thick,  and  10  ft.  square  can  be  readily  quar- 
ried. The  stone  has  been  furnished  for  foundation  and  wall 
purposes,  but  the  main  product  of  the  quarry  has  been  lime  and 
cement. 

The  following  analysis  of  this  limestone,  made  by  H.  L.  Bow- 
ker,  State  Assayer  of  Massachusetts,  shows   its  chemical  com- 
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position.     In  one  hundred  parts  by  weight,  there  are  the  follow- 
ing proportions : 

Silica 21.50 

Oxide  of  iron  and  aluminum 90.60 

Oirbonate  of  lime 84 .  67 

Carbonate  of  magnesium 23.43 

Total lOO.Oa 

fawcett's  quarry. 

The  quarry  owned  and  operated  by  Thomas  Faweett  is 
immediately  south  of  the  Pecatonica  river  in  the  city  of  Dar- 
lington. The  following  section,  taken  from  this  quarry,  indi- 
cates the  general  character  of  the  stone  from  the  entire  area : 

3  ft.  Stripping. 

18  to  20  ft.  Very  vesicular.    Buff  to  yellowish  brown  color.    Beds  from   1 

2yi  ft  thick.    Thin  leaves  of  shale  between  the  beds. 
6  h.  Thinly  bedded  and  much  broken  up. 

12  ft  Thinly  bedded  and  badly  broken.    Used  mainly  for  manufac- 

turing lime. 
24  ft.  Upper  6  ft  much  broken  up.    The  remaining  beds  are  but 

little  weathered,  and  have  the  original  blue  color. 

The  walls  of  the  jointing  planes,  which  strike  N.  25^  E.  and 
"S.  65^  W.,  are  heavily  incrust^d  with  calcite.  The  joints  are 
Tery  regular  and  run  from  10  to  20  ft  apart  The  beds  can  be 
quarried  from  the  lower  courses,  in  thickness  ranging  from  1 
to  8  feet. 

CONE  AND  BERQLUND  QUARRIES. 

The  quarry  of  Olaf  Berglund  is  south  of  the  city,  and  that  of 
Hatry  Cone  is  east  of  the  city.  The  stone  from  each  of  theae 
qiiarries  is  essentially  the  same  as  that  from  the  above  described 
quarry. 

<l«arrle«  at  PlatteTllle. 

The  supply  of  stone  for  building  and  other  purposes  in  PlaUe- 
▼ille  has  come  mainly  from  local  quarries  in  the  Trenton  lime- 
stone. The  principal  quarries  are  owned  by  Peter  Helker,  WnL 
Place,  and  the  city. 
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HELKER^S     QUARRY. 


The  quarry,  which  is   owned   by   Peter    Ilelker,    is  located 

about  three  miles  southwest  of  the  city.     The  following  is  a 

vertical  section  of  the  quarry  from  the  top  to  the  bottom : 

2-5  ft.    Stripping. 
2  ft.    Rip-rap. 
2  ft  d  in.    Three  7-inch  courses  used  for  building  stone. 

2  f t  ^  Can  be  capped  into  two  courses.    Used  for  building. 

3  ft  I  Each  of  these  beds  can  be  capped,  but  they  are  verv  tight 
2  ft.  I     when  quarried  some  distance  oack  from  the  face.    Used  for 

2  ft  10  in.  J     building. 

1  ft  3  m.  ^ 

10  Id*  f  ^^®  courses  are  the  same  as  above. 

1  ft  2  in.  J 

The  stone  has  a  decidedly  buff  color,  showing  only  occasional 
small  cores  of  blue.  Occasional  brown  stainings  of  iron  oxide 
indicate  the  former  presence  of  marcasite  or  pyrite.  Mud 
seams  occur  in  the  quarry.  The  joints  are  well  defined  and 
strike  north  and  south,  and  N.  83°  W.  They  occur  from  6  to 
10  feet  apart.  The  stone  is  used  for  foundations,  sills,  steps,  etc. 
About  80  rods  east  of  this  quarry  the  "glass  rock,"  which 
is  the  lowest  bed  of  the  Galena,  outcrops  near  the  summit 
of  the  ridge.  This  "glass  rock,"  as  the  dense  limestone  is 
called,  has  been  quarried  at  this  place  to  furnish  stone  for 
tKe  construction  of  the  Normal  School  Building  at  Platteville. 
The  blocks  used  are  small,  and  out  of  all  proportion  to  the  size 
of  the  building.  The  stone  is  very  brittle,  and  breaks  with  a 
sjilintery  fracture,  occasioning  considerable  difficulty  in  cutting 
and  dressing.  This,  combined  with  the  small  size  of  the 
blocks,  does  not  recommend  it  as  a  building  stone. 

CITY  AND  place's  QUAKRIES. 

The  City  quarry  is  about  a  mile  and  a  half  north  of  the  city, 
and  the  quarry  owned  by  Wm.  Place  is  directly  across  the  road. 
The  color  of  most  of  the  stone  in  these  quarries  fs  blue,  although 
some  of  the  beds  have  been  partly  altered  to  buff.  Irr^ular  lam- 
ination, marked  by  thin  layers  of  clay,  is  everywhere  noticeable 
in  the  blue  beds.      Stone,  from  IJ  to  2  ft.  in  thickness,  can  be 
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readily  obtained.  Some  of  the  beds  are  veiy  fosBiliferous,  am 
the  joiDting  planes,  which  strike  N.  30°  W.  and  N,  72''  £.,  htTi 
been  partially  filled  with  calcite  incnutations. 

VBKrrr  at  CaHTlIla. 

The  main  quarry  at  Caasrille,  owned  and  operated  by  John 
Ortecheid,  is  located  on  the  side  of  the  bluff  directly  east  of  tlu 
city.  The  upper  part  of  the  bluff  is  Qalena  limestone,  while 
the  blue  and  buff  beds  near  the  base  are  in  the  lower  subdivision 
of  the  Trenton.  Tlie  stone  is  quarried  mainly  for  foundations, 
sidewalks,  and  cross-walks. 

^■arrlH  >t   RiTCr   WmUu. 

At  River  Falls,  in  Pierce  county,  the  demiind  for  building 
and  foundation  stone  is  largely  supplied  by  two  quarries,  owned 
by  ThoB.  Walker  and  George  Currier.  The  stone  is  quarried 
from  Uie  lowest  beds  of  the  Trenton,  which  cap  the  bluffs  of  St 
Peters  sandstone,  east  of  the  city. 

The  two  quarries  join  each  other  on  the  same  bluff.  Tbfl 
uppermost  beds  are  badly  broken  up  and  worthless.  The  fin 
lowest  beds,  from  6  to  12  inches  in  thickness,  are  quarried  foi 
dimension  stone.  The  qtiarrying  is  facilitated  by  the  presence 
of  well  defined  joints,  which  split  the  rock  into  dimensions  that 
are  readily  handled.  The  strike  of  the  joints  is  about  N.  5^  E., 
N.  68°  E.,  and  N.  55°  W. 

The  stone  is  used  in  retaining  walls,  steps,  hitching  posts,  and 
buildings.  The  back  and  side  walls  of  many  of  the  businese 
blocks  arc  constructed  out  of  rough  stone  from  these  quarries, 
but  the  fronts  are  usually  built  of  brick. 

Qaarrj  >t  Watertown. 

At  Watcrtown  the  local  demand  for  foundation  stone  is  sup 
plied  by  Tetzlaff  &  Co.,  who  own  and  operate  a  quarry  in  the 
Trenton  limestone  about  2^  miles  north  of  the  city.  The  quarrj 
was  opened  fifty  years  ago,  and  the  stoae  is  used  mainly  for  tht 
manufacture  of  quicklime.  The  stone  is  rough,  but  is  nerer 
theless  sold  for  foundation  purposes. 
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Statistical  Data, 

Amount  of  capital  iavested:    $10,000.00. 
Average  number  of  employees:    8. 

Wages  paid  different  classes  of  employees:    Day  laborers,  $1.25. 
Average  value  per  cord:    $8.00. 

Shipments  for  the  past  five  years:   1896,  130  cds.  for  building  and  foan- 
^tion  purposes. 

r6sum:6. 

The  limestone  of  the  Trenton  formation  is  quite  readily 
quarried.  It  occurs  in  beds  of  different  thicknesses,  which  vary 
greatly  with  the  depth  at  which  they  are  quarried.  The  beds 
are  broken  into  dimensions  of  reasonable  size  by  two  and  occa- 
eionally  three  sets  of  joints,  intersecting  each  other  at  different 
angles.  The  manner  of  occurrence  of  the  stone,  combined  with 
the  large  local  demand  in  the  Trenton  limestone  region,  accounts 
in  a  measure  for  the  large  quantities  of  stone  exploited  from  the 
many  quarries  of  this  region.  The  present  inactivity  has  been 
occasioned  by  the  introduction  of  a  higher  grade  of  stone  and  the 
increased  consumption  of  brick. 

The  stone  throughout  the  entire  formation  has  the  same  gen- 
eral characteristics.  From  certain  horizons  the  stone  dresses 
nicely,  and  has  a  pleasing  bluish  gray  color.  In  other  parts, 
local  textural  differences  enter,  which  injure  very  materially  the 
appearance  and  value  of  the  stone. 

For  supplying  the  local  demands  for  common  stone,  this  for- 
mation constitutes  a  very  important  source.  The  stone  is  suited 
mainly  for  foundations,  footing,  and  the  rougher  kinds  of  ma- 
fK)nry  construction,  but  certain  beds  work  very  nicely  into  sills, 
steps,  hitching  blocks,  etc.  Some  of  the  stone  is  also  used  very 
acceptably  for  back  walls,  sidewalks,  and  cross-walks.  One  cau- 
tion should  be  observed,  and  tliat  is  to  avoid  using  the  stone 
where  there  is  danger  of  saturation  with  water  at  the  time  of  al- 
ternate freezing  and  thawing.  The  weather  has  a  tendency  to 
open  up  the  irregular  laminse  which  are  so  conspicuous  in  many 
of  the  beds  of  this  formation.  The  stone  which  is  placed  at  or 
near  the  water  line  suffers  the  greatest  injury.  In  the  walls 
above  the  water  table  the  injury  from  weathering  is  less  marked. 
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CHAPTER   VI. 


LIMESTONE  (continued). 

THE  NIAGARA  FORMATION. 

The  Niagara  limestone  occurs  in  a  broad  belt  extending  from 
tlie  northern  part  of  Door  county  south  to  the  state  line,  a  dis- 
tance of  about  200  miles.  The  formation  has  a  maximum 
width  of  about  40  miles,  and  extends  from  Lake  Michigan  on  the 
east  to  the  Fox  River  Valley  on  the  west.  Owing  to  marked 
differences  in  texture,  this  formation  has  been  divided  into  sev- 
eral different  subdivisions,  known  as  the  Guelph,  Racine,  Wau- 
kesha, Byron,  Mayville,  Upper  Coral,  and  Lower  Coral  beds. 
In  this  report  no  attempt  will  be  made  to  distinguish  between 
tliefie  different  subdivisions,  but  the  formation  will  be  treated  aa 
a  whole.  This  formation  has  furnished  stone  not  onlv  for  build- 
ing  and  road  construction,  but  also  for  the  manufacture  of  lima, 
for  the  production  of  which  it  is  unexcelled.  From  the  north  to 
;the  south,  throughout  all  parts  of  the  formation,  quarrying  has 
been  more  or  less  extensively  engaged  in. 

The  Niagara  limestone  rests  directly  upon  the  beds  of  Clin- 
ton iron  ore,  and  is  only  concealed  in  a  few  places  by  the  Lower 
Helderberg  limestone  and  the  Hamilton  Cement  rock.  The 
limestone  differs  very  essentially  in  texture  and  manner  of  oc- 
currence from  that  of  either  of  the  two  limestone  formationa 
previously  described.  The  composition  is  nearly  that  of  a  dolo- 
mite, although  in  some  instances  the  percentage  of  magnesium 
carbonate  is  relatively  small.  The  texture,  hardness,  color,  and 
bedding  differ  widely  in  different  parts  of  the  formation. 

In  the  following  description  only  those  quarries  from  which 
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Btone  is  exploited  for  constructional  purposes  are  considered,  no 
attempt  bein^  made  to  describe  in  detail  the  quarries  that  are 
interested  solely  in  the  manufacture  of  quicklime. 

Description  of  Individual  Areas. 

In  the  following  descriptions  each  of  the  different  areas  is  con- 
sidered separately,  and  local  differences  in  the  stone  from  differ- 
ent quarries  are  noted  under  the  treatment  of  the  individual 
quarries.  The  following  is  a  list  of  the  more  important  areas 
and  quarries  in  the  Niagara  limestone  formation,  from  which 
Btone  is  exploited  for  constructional  purposes.^ 

Wauwatosa — Story  Bros.,  A.  F.  &  L.  Manigold,  Monarch 
Stone  Co. 

Waukesha — Waukesha  Stone  Co.,  Hatfield  Co. 

Genesee — Genesee  Quarry  Co.,  Lee  Bros.  Quarry. 

North  Prairie — Wm.  Zunker. 

Lannon — Williams  &  Lannon,  Blair  &  Larson,  Davis  Bros., 
J.  IL  Walsh,  Frank  Wallen,  Harmon  &  Sons,  Kiefer  &  Flanna- 
gan,  Menominee  Falls  Quarry  Co.,  Sheridan  Bros. 

Bacine — Horlick  Lime  &  Stone  Co.,  Fox's  Lime  &  Stone  Co., 
John  O'Laughlin. 

Burlington — W.  A.  Aldrich. 

Pewaukee — C.  A.  Cairncross,  Caldwell  &  Nelson. 

Templeton — J.  H.  Carney,  Rich  Forrestall,  Hummel  &  El- 
liott, Bentley,  Lund  &  Co. 

Cedarburg — John  Groth. 

Grafton — The  Mace  Co.,  Anshuetz  Co 

Port  Washington — Dricker  Co. 

Grimms — The  Cook  &  Brown  Lime  Co. 

Brillion — Ormsby  Lime  Co. 

Mayville — O.  S.  Cochran,  Henry  Rudebusch. 

Knowles — Hapjpe  Bros.,  Frank  S.  Bauer. 

*^ —  -  ■__■ 

'This  list  does  not  include  all  quarries  in  the  Niagara  limeetone  forma- 
tkm  bilt  is  supposed  to  comprise  all  from  which  stone  is  quarried  for  idiip- 
BMDt*  as  Well  as  a  number  of  the  more  important  from  which  stone  is  quarr- 
ied simply  to  supply  the  local  demand. 
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Ifarblehead — Geiger's  Quarry,  Marblehead  Lime  &  Stone 
Co.,  Nast  Bros. 

Hamilton — Hamilton  Lime  &  Stone  Co.,  Seth  Slyvester's 
Quarry,  Thos.  Costello. 

Sheboygan — Sheboygan  Lime  Works. 

Sheboygan  Falls — Henry  Kohlhagen. 

£ewaimee — John  Bergman. 

Peebles— C.  &  N.  W.  Ry.  Co. 

Sturgeon  Bay — Laurie  Stone  Co.,  Washington  Stone  Oe., 
Latham  Smith,  Frank  Hagen. 

WAUWATOSA   ABSA. 

The  Wauwatosa  quarries  are  situated  immediately  west  of 
Milwaukee  and  adjacent  to  the  C,  M.  &  St.  P.  Ry.  (See  Plata 
XL.)  The  quarries  are  three  in  number,  and  are  controlled 
by  as  many  different  firms.  The  first  quarry  opened  was  that  of 
Story  Bros.,  about  the  year  1855.  The  two  quarries  opened 
since  that  time  are  owned  and  operated  by  the  Monarch  Stone 
Co.  and  A.  F.  &  L.  Manigold.  The  company,  known  as  the 
Wauwatosa  Stone  Co.,  is  a  combination  of  tlie  three  companieSi 
made  to  regulate  the  sale  of  the  stone  in  Milwaukee  county. 
All  the  stone  which  is  contracted  for  in  this  county  from  these 
quarries  is  sold  by  the  Wauwatosa  Stone  Co. 

Quarry  Observations, 

The  three  quarries  are  located  in  close  proximity  to  one  an- 
other, and  all  draw  their  supply  from  practically  the  same  beds. 
The  stone  is  distinctly  bedded,  and  separated  into  layers,  rang- 
ing from  4  to  28  inches  in  thickness.  The  major  vertical  joints 
strike  N.  56^  W.  and  N.  50°  E.  They  are  from  4  to  20  feet 
apart  and  permit  stone  of  large  dimenions  to  be  readily  quarried 
The  bedding  planes  are  in  some  places  smooth,  while  in  others 
they  are  rough  and  irregular.  An  occasional  poor  streak  oocors 
in  the  quarries,  which  runs  in  a  SE.  and  NW.  direction.  The 
floors  of  the  different  openings  are  not  perfectly  even,  but  dip  in 
some  places  to  the  north  and  in  others  to  the  south.     Faidting 
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along  the  jointing  planes  in  two  directions  occurs  in  several 
places.  The  throw  of  these  faults,  as  measured  in  Story  Bros, 
quarry,  is  about  2  or  3  inches.  The  joints  along  which  the 
major  faulting  occurs  strike  N.  50°  E.     The  other  set  strikes 

N.  70°  E. 

The  color  of  the  stone  is  the  same  in  all  the  quarries,  but  dif- 
fers between  the  various  beds.  The  color  of  certain  of  the  beds 
is  almost  white,  others  have  a  delicate  buff  color,  but  the  pre- 
dominant color  is  light  gray.  Certain  beds  are  peculiarly 
mottled  with  light  pink,  which  is  attributed  to  the  weathering  of 
an  occasional  crystal  of  iron  pyrites.  Along  the  more  prominent 
jointing  planes,  to  a  depth  of  from  6  to  18  inches,  the  rock 
has  a  quite  uniformly  yellowish  tint  Certain  of  the  layers 
contain  very  fine  black  spots,  which  give  the  rock,  when  looked 
at  closely,  a  speckled  appearance.  These  spots  are  more  con- 
spicuous in  the  pink  than  in  the  gray  or  cream  colored  parts. 
They  are  supposed  to  be  due  to  minute  particles  of  iron  oxide,  re- 
sulting from  the  weathering  of  pyrite. 

Two  distinctly  different  textured  limestones  are  taken  from 
these  quarries.  The  first  and  most  abundant  is  a  finely  crystal- 
line compact  limestone,  generally  free  from  incipient  joints  or 
stratification  planes.  The  second  is  a  rock  with  a  coarse  granular 
texture,  which  often  occurs  in  heavy  beds,  several  feet  in  thick- 
ness. Certain  small  layers  in  the  quarries  are  shelly,  and  are 
crushed  for  macadam.  The  stone  from  the  different  beds  of  fine 
textured  limestone  differs  in  the  readiness  with  which  it  works 
under  the  hammer.  The  beds  which  are  soft  work  with  com- 
parative ease,  but  those  which  are  more  densely  compacted  some- 
times work  with  considerable  diflSculty. 

The  stone  from  these  quarries  is  sold  as  footing,  rubble,  ash- 
lar, sills,  and  paving.  Each  of  the  quarries  consists  of  a  single 
opening  over  60  feet  deep  and  of  large  lateral  dimensions.  The 
following  vertical  section,  taken  from  Story  Bros.'  quarry,  gives 
an  excellent  general  idea  of  the  different  courses  of  stone  which 
may  be  obtained  from  any  one  of  the  three  quarries,  and  the 
purposes  for  which  it  is  being  used. 
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Q  .     )  These  two  courses  and  the  two  immediately  below  haye  not  yet 

^  in!  i      ^^'^^  worked.    They  are  granulated,  and  will  be  used  as  looting 
)      stone. 

15  in  I  ^^^^  textured,  probably  serve  as  building  stone. 

6  in. )  These  beds  are  somewhat  coarse  and  rough,  being  used  for 

4  in. )      footing. 

1A  in  ^  This  course  is  used  for  footing  and  rubble.    Portions  of  it  contain 

-*  ^')      drusy  cavities  filled  with  calcite. 

5  in.    Footing. 

12  in.    Footing.    Sometimes  splits  into  two  6  inch  beds. 

7  inA 

7  in.  I  These  beds  are  somewhat  rough.  They  are  not  strictly  granulated 

7  in.  I      but  have  a  mixed  texture.    Used  for  footing. 

7  inj 

5  in.    Light  brick  footing. 

11  in.    Smooth,  even  textured  course.    Used  for  dimension  stone. 

i  in.    Brick  footing. 

20  ft    Fine,  even  textured  course.    Sometimes  used  for  pier  work.  Suit- 
able for  dimension  stone. 

7  in.) 

8  in.  V  Rough,  granulated  beds,  used  for  footing. 

11  in.) 

9|  in.     Rough  stone,  used  for  footing. 

13  in.") 

8  in.  !  Even  textured  courses.    Used  for  rough  hammer  dressed  pier 

8  in.  f     work. 

7  in.  J 

2  in.    Flagging. 

8  in.    Footing  course.    Somewhat  rough. 

12  in'  (  ^^^  granulated  courses,  used  for  footing. 

li  in.     Even  textured   course.     Uniform  color.    Used  for  fine  dressed 
work. 

6  in.     Smooth,  fine  textured  course.    Used  for  sills. 

16  in.     Granulated  course.    Used  for  heavy  footing. 

9  in.^ 


8  in. 

7  in. 

8  in. 

10  in. 

11  in. 


SI   in  ) 

12  in.  ( 

13  in.) 


^  These  beds  are  rough  and  partly  granulated,  being  mixed  courses, 
f"     used  mainly  for  footing  purposes. 


These  courses  are  used  for  dressed  stone  for  dimension  purposes. 


8   in*  (  ^ootiJ^fiT  couraofl' 

11  in.     This  course  is  uniform  in  color  and  texture,  and  is  used  for  fine 
dressed  work. 
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Used  for  dressed  work. 
Footing  course. 

Half  of  this  course  is  granulated  and  half  is  solid.  This  bed  is 
usea  tor  heavy  foundation  work. 

Used  both  for  footing  and  dressed  stone. 

Sometimes  dressed,  but  not  easily  worked. 

Used  for  piers. 

This  course  is  rather  hard,  but  is  used  for  pier  work. 

These  courses  are  used  for  fine  dimension  work.  The  color  is 
mainly  white,  but  is  mottled  with  pink  as  described  on  a  prev- 
ious page.  The  black  specks  are  not  conspicuous  in  these 
courses.  The  rock  is  soft  and  fine  grained,  and  is  the  best 
stone  in  the  quarry  for  bush  hammer  work. 

Fine  compact  stone.    The  Loan  &  Trust  building  in  Milwaukee 

was  built  mainly  out  of  stone  from  this  course. 

10   in.  f  Partially  granulated,  used  for  footing  and  rubble. 


12 

in. 

6 

in. 

16 

in. 

8 
9 

in. 
in. 

15 

in. 

12 

in. 

18 

in. 

26 
16 
15i 
13 

.... 
a  g  a  a 

17 

in. 

5  in. ) 
LO  in.  ( 
4    in.) 


22  in.  Used  for  rough  foundation  work  and  piers.  This  bed  runs  out  in 
one  part  of  the  quarry  until  it  is  only  5  in.  in  thickness.  At 
this  place  It  is  shaly  and  unsuited  to  any  work.  By  the  quar- 
rymen  it  is  said  to  pinch  out. 

21  in.  This  bed  can  be  split  into  10  and  11  inch  courses.  The  stone  has 
a  fine  texture  and  uniform  color,  somewhat  darker  than  that 
which  occurs  in  the  courses  above.  It  is  used  for  dimension 
stone. 

10   in.     Dimension  stone. 

19  in.     This  bed  splits  into  9  and  10  inch  courses,  or  can  be  quarried 

solid.    Used  for  dimension  stone. 
15   in.     Dimension  stone,  used  for  piers,  tables,  etc.    The  stone  has  a 
bluish  tone. 

14  in.     This  is  the  third  floor.    The  bed  is  split  into  10  inch  and  4  inch 

courses.    It  is  somewhat  granulated  and  is  used  for  footing. 

15  in.     Used  for  footing  and  rubble.    SSome  pyrites  was  observed  along 

the  seams  at  this  depth. 

20  in.     This  course  is  used  for  fine  dressed  work,  but  is  not  quite  as  de- 

sirable as  that  in  other  parts  of  the  quarry. 
4    in.     Flagging  or  curbing. 

21  in.     Fine  textured,  uniformly  colored  course.    Used  for  bases,  piers, 

steps,  and  other  fine  cut  work.    The  stone  is  solid  and  easily 
dressed.    It  has  a  cream  color  when  seasoned. 
9    in.     Used  for  water  tables,  footing,  and  dressed  work.   This  course  is 
much  freer  from  stains  than  some  of  the  courses  deeper  in  the 
quarry. 


6 

in. 

12 

in. 

4 

in. 

8 

in. 

U 

in. 
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Used  for  sills. 

Used  for  fine  rock  faced  work.    Not  suitable  for  bush  hammered 

work. 
Brick  footing. 
Strips  and  footing. 
This  bed  can  be  split  into  4  and  5  inch  courses,  but  is  ordinaril/ 

used  solid  for  dimension  stone. 
16   in.     Generally  splits  into  two  8  inch  courses.    Color  is  gray  with  a 

bluish  tinge.    Used  for  dimension  stone. 
12   in.     Can  be  split  into  two  6  inch  courses.    Is  partly  granulated.   Used 

for  footing. 
Fine  textured  stone,  used  for  dressing. 
Texture  is  even,  but  the  stone  is  slightly  spotted  with  iron  oxide. 

Used  for  dressing. 

These  courses  are  used  for  dressing,  but  on  account  of  their  hard- 
ness, they  are  difficult  to  cut.  Occasional  black  spots  consist- 
ing of  pyrites,  partially  altered  to  iron  oxide,  occur  in  these  beds. 

Somewhat  granulated  texture.    Used  for  footing. 

Partially  granulated  course,  used  for  footing. 

Granulated.    Used  for  rough  pier  work  and  footing. 

Shelly  course.    Partly  granulated. 

Fine,  even  textured  stone,  dark  grav  color,  having  a  somewhat 
bluish  tone.  An  occasional  black  or  brown  speck  is  observed 
in  these  courses. 

Rough  footing  stone. 

Dimension  stone. 

Bough  bed.    Footing. 

16  in' (  ^^i^^^S^^i^®- 

22   in.     Can  be  split  into  two  or  more  courses.    Used  for  pier  work  and 

footing. 
15   in.     Works  up  into  different  thicknesses.      Used  for  pier  work,  foot- 
ing or  dimension. 
Footing. 

Somewhat  granulated  course.    Footing. 

Granulated.    Splits  into  two  10  in.  courses.     Can  be  gotten  out 

in  dimensions  as  large  as  can  be  handled.  Used  for  heavy  footing. 

20   in.     Can  be  broken  up  so  as  to  make  a  5  inch,  and  two  7  inch  courses, 

or  5, 11,  and  4  in.  courses.    This  bed  works  well  for  rough 

hammered  work  but  is  somewhat  flinty  for  bush  hammerwork . 

The  above  section  of  the  Niagara  limestone  illustrates  the  gen- 
eral succession  of  strata  in  all  three  quarries.  The  thickness 
and  texture  of  the  stone  in  the  different  beds  are  not  constant 
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tiliroughout  the  entire  area,  but,  nevertheless,  the  succession  in 
the  different  quarries  is  very  similar.  Portions  of  the  quarries 
are  illustrated  in  Plate  XLII. 

Laboratory  Examinalion. 

As  has  been  said,  the  stone  can  be  quarried  in  almost  any  de- 
sired dimensions,  uniform  in  color  and  free  from  all  impurities. 
As  shown  by  samples  in  the  Survey  laboratory  the  stone  from 
some  of  the  courses  dresses  beautifully,  although  not  as  easily  as 
an  open,  porous  stone.  The  finished  work  has  a  very  pleasing 
appearance,  and  is  clean  and  clear  enough  for  the  finest  con- 
structional work. 

Microscopical  Examination. — Thin  sections,  examined  under 
the  microscope,  show  that  the  limestone  is  finely  crystalline  and 
very  compact.  (See  Plate  LXVII.,  Fig,  2.)  The  stone  is 
composed  mainly  of  irregular  interlocking  individuals  of  cal- 
cite  and  dolomite.  An  occasional  irregular  grain  of  quartz  was 
the  only  other  constituent  observed.  The  limestone  is  free  from 
all  microscopically  determinable  constituents,  that  might  be  in- 
jurious. 

Physical  Tests. — Samples  from  Story  Bros.'  quarry  were 
carefully  tested  in  the  Survey  laboratory  to  determine  the 
strength  and  durability  of  the  Wauwatosa  limestone.  The  re- 
sults are  given  in  the  tables  in  Chapter  VIII.  The  average  spe- 
cific gravity  is  about  2.823.  The  average  porosity  is  QAO^y 
and  the  ratio  of  absorption  is  2.41^.  The  average  crushing 
strength  of  the  two  inch  cubes  is  18,379  lbs.  per  sq.  inch  on 
bed,  and  18,575  lbs.  on  edge.  This  is  a  low  crushing  strength 
for  limestone  of  this  character,  but  in  justice  to  the  stone,  it 
must  be  said  that  this  is  not  due  to  any  inherent  weakness,  but 
to  the  fact  that  the  samples  were  liammer  dressed.  Other  sam- 
ples which  were  sawed  and  used  in  the  freezing  and  thawing 
tests,  gave  a  crushing  strength  of  over  25,000  lbs.  per  sq.  in. 
The  modulus  of  rupture  was  determined  to  be  2,129.5  lbs.  per 
sq.  in.     These  compressive  and   transverse   strength  tests  are 

perfectly  satisfactory,  and  furnish  additional  testimony  to  the 
20 
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importance  of  this  limestone  as  a  constructional  material.  In 
most  cases  where  comparisons  are  made  with  the  tests  on  lime- 
stones from  Illinois,  Indiana,  Missouri,  and  other  states,  the 
limestone  from  the  Wauwatosa  quarries  shows  evidently 
greater  strength.  (Compare  Tables  II.  and  XEL,  Chapter 
VIII.) 

The  results  of  subjecting  samples  of  the  Wauwatosa  stone  to 
alternate  freezing  and  thawing  are  given  in  Tables  VI.  and 
VIL,  and  show  no  loss  in  weight,  and  a  higher  compressive 
strength  than  was  obtained  from  the  experiments  with  fresh 
samples.  The  higher  compressive  strength  was  not  the  result 
of  the  test,  but  was  due  to  the  different  ways  in  which  the  frozen 
and  fresh  samples  were  dressed.  The  fresh  samples  were  ham- 
mer dressed,  and  the  frozen  ones  were  sawed.  Samples  that 
were  gradually  heated  in  a  muffle  furnace  began  to  calcinate  at 
a  temperature  of  about  1200°  F.,  and  were  practically  de- 
stroyed at  temperatures  above  this.  (See  Chapter  VIII.,  Table 
X.)  Samples  treated  with  COg  in  a  moist  atmosphere  suffered 
no  appreciable  loss  in  weight.  (See  Chapter  VIII.,  Table  IX.) 
The  faces  of  the  samples  treated  with  SOg  in  a  moist  atmosphere 
were  slightly  etched  and  faintly  discolored,  but  there  was  no 
perceptible  loss  in  weight.     (See  Table  VIII.) 

General  Considerations. 

The  result  of  these  various  tests  gives  very  satisfactory  evi- 
dence of  the  suitability  of  the  stone  from  this  area,  for  all  con- 
structional purposes.  The  stone  is  strong,  elastic,  and  gives  evi- 
dence of  durability,  all  of  which  naturally  recommend  it  as  a 
valuable  building  material.  The  stone  takes  a  very  pleasing 
rock  face  finish,  and  can  be  hammer  dressed  for  almost  any  pur- 
pose. Many  of  the  courses  work  under  the  hammer  with  some 
difficulty,  but  when  once  the  stone  is  cut  it  will  retain  for  many 
years  the  sharp  outlines  made  by  the  chisel. 

The  volume  of  business  done  by  the  Wauwatosa  quarries  has 
decreased  very  materially  during  the  last  five  years.  A  number 
of  circumstances  have  contributed  to  this  rapid  decline  in  the 


Front  or  Flrsl  Bjplist  Church.  MD-^aukee.  Wis.  ; 

Brldee  Ahutmenl.  CM   Jt  SI.  P.  Ry..  near  MHwrnkoot 
DimEnsion  Blocks  Irom  Story  Bros.'  Quarry. 
Loin  and  Trust  Building.  Milwaukee.  Wis. 


I 


« 


WAUWATOSJL  AREA.  3O7 

sale  of  the  stone.  Chief  among  these  have  been  the  fall  in  the 
price  of  brick,  the  general  cessation  in  building,  due  to  the  panic 
of  1893,  and  the  introduction  into  the  market  of  inferior  stone, 
which  is  quarried,  cut,  and  dressed  with  much  greater  facility^ 
than  the  Wauwatosa  stone.  It  is  well  known  that  the  years  of 
panic  resulted  in  the  curtailment  of  building  operations  with  a 
lessened  demand  for  building  stone.  The  fall  in  the  price  of 
brick  from  $9.00  per  M.  in  1892  to  $5.00  in  1896,  and  $3.60  in 
1897,  could  not  be  met  by  the  stone  producers,  and  as  a  conse- 
quence the  market  for  stone  has  been  largely  encroached  upon 
by  brick.  The  brick  is  so  much  cheaper  that  it  is  now  being  used 
for  foundations,  footings,  and  even  bridges.  The  Indiana 
limestone,  which  is  much  softer  and  more  easily  cut  and  dressed 
than  the  Wauwatosa  stone,  has  naturally  encroached  to  some 
extent  upon  the  Wauwatosa  stone  market. 

All  these  are  circumstances  that  cannot  well  be  avoided  with 
our  present  trade  conditions.  There  are  apparently  only  two 
ways  to  meet  them,  either  reduce  the  price  of  the  stone,  or  con- 
vince the  people  of  its  superiority  over  brick  and  imported  stone. 
The  former  cannot  be  done  unless  the  price  of  labor  is  lowered, 
and  the  latter  will  only  come  through  the  education  of  the  peo- 
ple along  this  line. 

The  Wauwatosa  stone  is  superior  in  strength  and  durability 
to  any  limestone  imported  from  the  adjacent  states,  and  even 
though  it  is  more  costly,  it  ought  to  be  used  in  many  of  the  best 
buildings  in  the  state. 

Milwaiikee  has  always  been  the  largest  consimier  of  the  Wau- 
watosa stone,  although  many  fine  structures  in  other  parts  of 
the  state  have  been  built  out  of  stone  from  these  quarries.  Some 
of  the  buildings  in  Milwaukee  which  are  constructed  out  of 
Wauwatosa  stone  are  shown  in  Plates  XLIII.  and  XLIV. 
One  of  the  finest  bridge  abutments  on  the  C,  M.  &  St.  P.  rail- 
road, built  out  of  this  stone,  is  shown  in  Plate  XLIII.,  Fig.  2. 

The  following  are  some  of  the  more  important  buildings  of 
Milwaukee  in  the  construction  of  which  Wauwatosa  stone  has 
been  used. 
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Superstructure :  Loan  &  Trust  Building,  Immanuel  Chuidi, 
St  James  Church,  Baptist  Church,  Y.  M.  C.  A.  Bldg.,  Phoenix 
Club,  Residence  of  D.  M.  Benjamin,  Plankinton  Besidenoe. 

Foundation :  Loan  &  Trust  Bldg.,  C,  M.  &  St.  P.  Depot; 
Ffister  Hotel,  Qermania  Bldg.,  Plankinton  House  (new  part). 

The  Beloit  College  Chapel,  Beloit,  Wis.,  one  of  the  prettiest 
college  buildings  in  the  state,  was  constructed  out  of  this  etonei 
See  Plate  XLIV.,  Fig.  2. 

Immanuel  Church,  St.  James  Church,  and  the  Y.  M.  C.  A. 
building  have  all  suffered  from  fire.  Each  one  was  repaired  to 
show  no  trace  of  fire  for  less  than  $200.00  worth  of  stone.  These 
actual  tests  of  the  extent  to  which  this  stone  will  withstand  ex- 
treme heat  are  valuable  in  showing  its  suitability  for  heavy  eon- 
Btructional  work,  in  large  cities,  where  conflagrations  are  among 
the  possibilities. 

Description   of   Individual   Quarries. 

6TOBT    BROS.^    QUARRY. 

The  quarry  owned  and  operated  by  Story  Bros,  consists  of  one 
opening,  400  ft.  wude,  by  600  ft.  long,  with  an  average  depth  of 
70  ft.  The  firm  controls  about  140  acres  surrounding  the  open- 
ing. The  stone  is  sold  only  in  the  rough.  The  quarry  is  in  po- 
sition to  furnish  stone  for  all  basement  work,  including  heavy 
and  light  footing,  pier  work,  heavy  bridge  work,  paving,  and 
coursed  and  random  ashlar.  Any  required  dimensions  up  to  26 
inches  in  thickness  can  be  furnished. 

Statistical  Data. 

Amount  of  capital  invested:   $25,000.00. 

Facilities  at  hand  for  quarrying:  100  hp.  Bullock  Corliss  Compreesor, 
100  hp.  Sterling,  2  steam  derricks,  10  tons  each,  5  hand  derricks,  1  10- ton 
hp.  and  1  No.  10  Cameron  pump.  All  machinery  operated  by  compressed  air. 

Average  number  of  employees:    50  in  1892;  25  in  1896. 

Wages  paid  different  classes  of  employees:    Ordinary  laborers,  $1.25. 
Cost  of  transportation:     By  teams  only,  3  tripa  for  team  at  $3.00  per  day 
$.03  per  cubic  foot. 

Average  value  delivered  of  each  grade  per  cubic  foot:    Rubble,  1892, 
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S}^.;  18d6,  6>^c.    Dimension,  1892,  30c;  1896,  23c.    Footing,  1892,  25c; 
1896, 17c.    Ashler,  1892,  25c;  1896,  20c.    Paving  2}^  to  2c. 
Shipments  for  the  past  five  years: 

1892,  building,  $49,000.00;  paving,  $2,000.00. 
1895,  building,    45, 500.00;  paving,    2,500.00. 

1894,  building,    25,700.00;  paving,    1,800.00. 

1895,  building,    21,400.00;  paving,    1,10000. 

1896,  building,    22, 400.00;  paving,       600.00. 

THE    MONARCH    STONE    CO.    AND    A.    F.  ic    L.  MANIGOLD 

QUARRIES. 

The  Monarch  Stone  Co.  and  A.  F.  &  L.  Manigold 
have  equipments  similar  to  that  of  Story  Bros.,  and  they  furnish 
stone  for  practically  the  same  purposes. 

WAUKESHA  ABEA. 

The  Waukesha  limestone  is  very  similar  to  that  quarried  at 
Wauwatosa.  The  quarries  differ  from  those  at  Wauwatosa 
in  the  absence  of  the  granulated  beds.  Two  companies  have 
been  operating  at  this  place, — Hadfield  &  Co.  and  the  Waukesha 
Stone  Co.  (See  Plate  XLV.)  The  Hadfield  quarry  has  been 
abandoned  for  several  years,  and  the  Waukesha  Stone  Co.  is  now 
the  only  firm  operating  at  this  place. 

THE  WAUKESHA  STONE  CO. 

Quarry  Observations. 

The  thickness  of  the  beds  varies  from  3  to  22  inches.  The 
joints  strike  about  X.  40^  E.,  X.  40^  W.,  and  X.  70°  E.,  and  oc- 
cur at  sufficient  intervals  to  permit  any  reasonable  dimensions 
being  quarried.  The  color  of  the  stone  differs  in  the  different 
beds.  The  color  of  certain  beds  is  light  buff,  while  others  have 
a  bluish  tone.  The  stone  is  finely  crystalline,  and  largely  free 
from  impurities.  Xo  drusy  cavities  or  chert  were  observed. 
Occasional  black  or  brownish  flecks  are  the  only  noticeable  int- 
perfections. 
5-18  ft.      Strippinf; 

S0-S4  in. )  Excellent  stone  for  dressing.    Somewhat  broken  up,  but  as 
12  in.  5      good  a  stone  as  can  be  obtained  in  the  quany. 

0  in.     Footing,  somewhat  rough. 
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UinO 
5  in.  I 

8  in.  I  Six  beds  of  No.  1  stone,  suitable  for  cutting  and  dressing;  used 

10  in.  [  for  water  tables,  window  caps,  door  siHs,  bases,  etc     Also 

16  in.  used  for  engine  beds. 
19  in.  J 

3  in.     Curbing. 

15  in.     Footing  stone;  used  for  bridge  abutments. 

8  in. )  These  courses  are  cut  and  dressed  for  monument  bases,  sills, 
90  in.  >      etc.    Quite  readily  cut  and  dressed  when  green,  but  hardens 
on  exposure.    A  pale  creamy  color. 


These  beds  are  used  for  building.    Ordinarily  called  coursing 
stone. 

Broken  into  layers  2  to  3  inches  thick. 


31  in.  \  22  in. 
9  in.^ 


No.  1  fine,  even  grained,  building  stone;  pale  jrellow- 
>     ish  color.    Small  brown  flecks  are  the  only  mar  to 
uniformity  in  color. 


Footing.  Used  for  heavy  bridge  work.  Stone  is  somewhat  rough . 


3in.^ 

8  in   I  ^'^^'^^iT  stone.    Uniform  texture  and  fine  grained. 

9  in!  J 


7in.1 

6  in. 

7  in. 


!  Footing.  These  beds  have  a  bluish  gray  color.  They  are  not  per- 
8  in.  j      fectly  uniform  in  texture  but  have  a  blotchy  appearance. 
5  in.  j 
8in.j 

8  in.     Coursing  stone  with  a  fine  grained  uniform  texture. 

The  above  is  a  fair  example  of  the  different  grades  of  stone 
that  may  be  obtained  from  two  of  the  quarries  in  this  vicinity. 
A  section  of  the  Hadfield  quarries  from  which  dimension  stone 
has  been  quarried  would  show  a  very  similar  section.  Yet  it 
must  be  remembered  that  other  quarries  opened  a  short  distance 
from  these  contain  stone  which  is  only  suitable  for  the  manufac- 
ture of  lime.  The  same  beds  which  supply  such  excellent  stone 
at  these  favorable  localities  are  apparently  so  different,  a  short 
distance  away,  that  no  dimension  stone  of  value  can  be  obtained. 
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Oeneral   Considerations. 

The  stone  taken  from  these  quarries,  as  well  as  that  quarried 
at  Wauwatosa,  is  equal  in  every  respect  to  the  Joliet  or  Lemont 
limestone  of  Illinois.  The  compressive  strength  of  the  Wauke- 
sha stone,  as  obtained  by  Fuldner  and  McDonald  of  the  Univer- 
sity of  Wisconsin,  is  over  10,000  lbs.  per  sq.  in.  on  2  inch 
cubes. 

The  Waukesha  limestone  has  been  used  very  largely  in  the 
construction  of  buildings  in  Waukesha  and  elsewhere.  A  num- 
ber of  those  buildings  are  shown  in  Plate  XLVI.  The  Court 
House,  sLown  in  Plate  XLV.,  Fig.  1,  is  an  excellent  illustration 
of  what  it  is  possible  to  accomplish  with  stone  from  these  quar- 
ries. The  buildinc^  is  perfectly  fresh  and  clean,  showing  not 
the  first  evidence  of  discoloration.  The  stone  has  a  rock  face 
finish,  and  the  walls  are  built  in  squared  rubble  masonry,  the 
whole  producing  a  most  pleasing  effect. 

The  market  is  not  supplied  with  a  more  durable  light  colored 
limestone,  or  one  that  takes  a  more  pleasing  rock  face  finish. 
The  fracture  is  clean  and  smooth,  and  for  this  reason  the  stone 
will  remain  longer  free  from  accumulations  of  dust  and  dirt, 
than  will  a  stone  with  a  rough  surface,  similar  to  the  Bedford 
limestone.  The  main  drawback  to  the  successful  exploitation 
of  the  Waukesha  stone  is  the  difficulty  with  which  it  is  cut  and 
dressed.  But,  as  has  been  said  with  reference  to  the  Wauwa- 
tosa limestone,  this  is  compensated  for  by  its  greater  strength 
and  durabilitv. 

GENESEE   AREA. 

Two  quarries,  one  owned  by  the  Genesee  Quarry  Co.  and  the 
other  by  Lee  Bros.,  are  located  about  a  mile  and  a  half  north  of 
the  Genesee  Post  Office.  These  quarries  do  not  differ  materially 
from  each  other,  except  that  certain  beds  are  absent  in  one 
which  are  present  in  the  other.  The  beds  vary  in  thickness  and 
texture  in  different  parts  of  the  same  quarry.  The  stone  in  a 
certain  bed,  which  is  clear  and  uniform  in  one  part  of  the 
quarry,  may  be  imperfect  in  another  part. 
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Description  of  Individual  Qnanles. 

THE  GENESEE  QUABBT  CO. 

The  quarry  of  the  Genesee  Quarry  Co.  is  being  operated  on 
quite  an  extensive  scale,  and  the  company  is  shipping  both  rough 
and  sawed  stone.  The  quarry  which  is  now  being  operated  is 
situated  on  the  side  of  a  small  knoll  facing  the  south,  and  was 
opened  many  years  ago. 

Quarry  Observations. 

The  opening  is  about  375  ft.  long,  30  ft.  wide,  and  30  ft.  deep. 
The  stone  occurs  in  beds,  from  2  to  20  inches  thick,  which  are 
broken  into  polygonal  blocks  by  two  sets  of  joints,  striking  N. 
85°  E.  and  "N,  15°  E.  Practically  no  soil  occurs  on  the  surface. 
The  stone  is  assorted  into  three  grades,  No.  1  cut,  Xo.  2  cut,  and 
coursing.  The  following  section  taken  from  the  top  to  the  bot- 
tom of  the  quarry  indicates  the  thickness  of  the  different  beds 
and  the  purposes  for  which  the  stone  in  each  is  used. 

10  ft.     Thinly  bedded  and  much  broken  up,  and  may  be  classed  either 

as  stripping  or  rip-rap. 

These  two  beds  are  No.  1  cut,  and  are  considered  the  best  in  the 
the  quarry  fbr  fine  dressed  work.  The  stone  from  these  layers 
is  clean  and  clear. 

Coursing  stone. 

Used  for  coursing.  Not  as  good  as  the  stone  in  the  beds  imme- 
diately below. 

The  stone  from  these  beds  is  No.  2  cut  and  coursing  stone. 


Classed  as  No.  2  cut.    The  beds  are  not  entirely  uniform  in  tex- 
ture, but  contain  occasional  small  drusy  cavities. 


This  stone  is  No  2  cut .    Used  for  coursing. 

16  in.  j 

8  in.     Flagging. 

Tin.     No2cut 

8  in!  V  ^ui^*^*    These  beds  are  used  for  footing.    Contain  abundant 
10  in!  I      i^^^ul^  ot  chalk  and  chert 
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General  Consideration. 
The  beds  in  this  quarry  which  are  free  from  chert  nodules 
and  chalk  have  a  very  cheerful  clear  white  or  pale  buff  color. 
The  stone  works  very  readily,  and  is  strong  and  durable. 
The  product  of  the  quarry,  besides  being  sold  in  Wisconsin, 
is  shipped  into  Illinois,  where  it  easily  competes  with  the 
Joliet  stone.  The  great  advantage  which  much  of  the  stone 
from  this  quarry  possesses  is  the  ease  with  which  it  can  be 
cut  and  carved.  The  stone  from  the  Genesee  Co.'s  opening 
was  not  tested,  on  account  of  failure  to  send  the  necessary 
samples,  but  it  is  thought  that  if  it  had  been  tested  the  results 
would  have  corresponded  very  closely  with  those  obtained  for  the 
stone  from  Lee  Bros.'  quarry. 

LEE  BROS.'  QUARRY. 

Lee  Bros.'  quarry  is  located  on  Sees.  2»3  and  26,  in  the  town 
of  Genesee,  AVaukesha  county,  about  three  quarters  of  a  mile 
east  of  the  Genesee  Quarry  Co.'s  worki.  The  quarry  was 
opened  in  1848  and  operated  until  1872.  Since  then  it  has  only 
been  worked  at  intervals,  not  being  operated  at  present. 

Quarry  Observations. 

Four  openings  liavc  been  made  at  as  many  different  places  on 
a  small  hill  not  far  from  the  Genesee  Quarry  Co.  Opening 
Xo.  1  has  a  face  40  feet  long  and  14  feet  deep.  Opening  No.  2 
has  a  face  50  ft.  long  and  10  ft.  deep.  Openinp^  Xo.  3  has  a 
face  about  100  ft.  long  and  15  ft.  deep. 

The  stone  in  these  different  openings  occurs  in  beds  from  2 
to  20  inches  in  thickness.  The  major  joints  strike  about  N.  45^ 
W.,  and  the  minor  at  about  right  angles.  Other,  less  conspicu- 
ous joints,  were  observed  striking  X.  10^  E.,  X.  35°  E.,  and  X. 
75°  W.  The  stone  is  broken  into  various  sized  blocks  by  these 
joints,  and  may  be  readily  quarried  with  the  aid  of  a  crowbar 
and  derrick. 

Laboratory  Examination. 
Microscopical  Examination. — Thin  sections  examined  under 
the  microscope  show  that  the  stone  is  finely  crystalline,  and  com- 
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posed  mainly  of  calcite  and  dolomite.  Very  little  quartz  was 
detected  in  the  section,  and  no  other  impurities  were  discernible. 
The  structure  and  composition  of  the  rock  are  nicely  illustrated 
in  Plate  LXVIII.,  Fig.  1. 

Chemical  Analysis. — The  following  chemical  analysis  of  a 
sample  of  the  stone  from  this  quarry,  made  by  Prof.  W.  W. 
Daniells,  shows  it  to  be  a  dolomite,  with  a  small  percentage  of 
silica,  and  a  much  smaller  percentage  of  ahuninum  and  iron 
oxide. 

Si      O, 6.32 

pi:    o\\ ^'^ 

Ca  CO, 50.96 

Mg  Co, 41.75 

100.05 

Physical  Tests. — In  order  to  determine  the  physical  proper- 
ties of  the  stone  from  this  quarry,  samples  were  tested  in  the 
laboratory,  in  the  preparation  of  this  report.  The  specific 
gravity  was  determined  to  be  2.831.  The  average  porosity  of 
the  stone  is  3.7;^,  while  the  ratio  of  absorption  is  1.12j^.  (See 
Chapter  VIII.,  Table  V.)  The  loss  in  weight  due  to  alternate 
freezing  and  thawung  was  not  a  measurable  quantity.  (See 
Chapter  VIII.,  Table  VII.)  The  loss  in  strength,  as  given  in 
table  VII.,  was  4,869  lbs.  per  sq.  in.  The  sample  which  was 
submitted  to  extreme  heat  suffered  only  when  the  temperature 
was  sufficiently  high  to  produce  calcination.  Samples  which 
were  treated  with  carbon  dioxide  in  a  moist  atmosphere  showed 
no  appreciable  loss  of  weight,  as  shown  in  Chapter  VIII.,  Table 
IX.  Samples  subjected  to  the  action  of  SO2  in  a  moist  atmos* 
phere  suffered  no  loss  in  weight,  although  the  surface  of  the  sam- 
ples became  spotted  with  irregular  patches  of  yellow.  (See 
Table  VIII.) 

The  crushing  strength  of  the  fresh  sample,  as  given  in  Table 
II.,  is  30,731  lbs.  per  sq.  in.  on  bed  and  29,253  lbs.  per  sq. 
in.  on  edge.  The  modulus  of  rupture  or  transverse  strength  is 
given  in  Table  III.,  and  was  determined  to  be  2,404.5  lbs.  per 
sq.  in. 
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General  Considerations. 

A  comparison  of  the  crushing  strength  results  with  those  ob- 
tained for  specimens  from  other  limestone  quarries  in  this 
and  neighboring  states  shows  that  from  only  two  other  quarries 
i  this  state  were  higher  results  obtained.  The  compressive 
strength  of  this  stone  is  about  10,000  lbs.  per  sq.  in.  higher  than 
the  strongest  limestone  outside  of  AVisconsin.  It  is  a  remark- 
ably strong  stone,  and  is  well  adapted  to  all  kinds  of  heavy  con- 
structional work. 

The  stone  from  this  quarry  has  been  used  in  a  large  number 
of  buildings  in  different  cities  in  the  southern  part  of  the  state. 
The  Commercial  Block  in  Waukesha  was  constructed  out  of  this 
Btone  in  1870.  The  Empire  Mills  in  Milwaukee  were  built  in 
1864.  The  Hyde  House  in  Janesville  was  constructed  out  of 
this  stone  in  1861.  The  Genesee  Holler  Mills  were  built  out  of 
this  stone  in  1854.  These  buildings,  some  of  which  were  exam- 
ined, testify  to  the  durability  of  the  stone  when  placed  in  the 
walls  of  a  building.  The  different  courses  are  clean  and  fresh, 
and  show  little  or  no  evidence  of  discoloration  or  deterioration. 

The  quarry  contains  stone  which  is  suitable  for  curbing, 
building,  and  other  similar  purposes.  During  the  years  1896- 
96  about  100,000  ft.  of  curbing  were  quarried  from  these  open- 
ings.    During  the  last  year  no  work  has  been  done. 

Statistical  Data. 
Amount  of  capital  invested:    $15,000.00. 

Facilities  at  hand  for  quarrying:  As  stone  occurs  in  layers,  cross-bars  an'O 
small  derricks  are  all  the  implements  employed. 
Cost  of  transportation:    By  rail  Ic  rate. 
Shipments  for  the  past  two  years: 

1885 100,000  ft.  curbing. 

1896 100,000  ft.  curbing. 

zunker's  quarry. 

At  North  Prairie,  a  few  miles  south  of  Gfenesee,  there  is  lo- 
cated a  small  quarry  OAvned  by  Wm.Zimker.  The  single  open- 
ing is  about  100  ft.  long  and  60  ft.  wide.  The  quarry  has  not 
been  operated  for  a  number  of  years,  but  at  one  time  it  fur- 
nished stone  for  various  constructional  purposes. 
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LANHOK   ABEA. 

Lannon,  a  small  town  on  the  Menominee  Falls  railway,  in  the 
town  of  Menominee,  Waukesha  coimty,  might  bo  appropriately 
called  the  center  of  the  curbing  industry  of  Wisconsin.  Nine 
companies  are  located  within  a  few  miles  of  Lannon,  and  are 
engaged  mainly  in  the  manufacture  of  curbing.  (See  Plate 
XLV.  The  heavier  bedded  stone  is  sold  for  building  purposes, 
while  some  of  the  companies  crush  their  rubble  and  rip-rap  for 
macadam. 

The  companies  which  own  and  operate  quarries  at  Lannon 
are  Williams  &  Lannon,  Blair  &  Larson,  Davis  Bros.,  J.  H. 
Walsh,  Frank  Wallen,  Harmon  &  Sons,  Kiefer  &  Flannagaa, 
Menominee  Falls  Quarry  Co.,  and  Sheridan  Bros. 

Each  of  these  companies,  with  the  exception  of  Sheridan 
Bros.,  was  doing  an  extensive  business  during  the  summer  of 
1897.  All  the  quarries  possess  essentially  the  same  kind  of 
stone,  although  subject  to  certain  local  variations.  The  stone 
compares  very  favorably  with  that  which  is  obtained  at  Wauke- 
sha and  Wauwatosa,  being  very  similar  in  color  and  texture. 
The  individual  beds  differ  in  texture  and  color,  but  taken  col- 
lectively throughout  the  entire  area,  they  compare  very  closely 
in  the  different  quarries.  The  beds  are  not  as  massive  as  those 
occurring  in  the  Waukesha  and  Wauwatosa  quarries,  and  it  is 
for  this  reason  that  the  stone  is  so  much  more  suitable  for  the 
manufacture  of  curbing. 

Laboratory  Examination. 

Chemical  Analysis. — The  chemical  analysis  of  the  stone 
shows  it  to  be  a  dolomite,  or  magnesian  limestone.  The  follow- 
ing analysis  of  a  sample  taken  about  15  ft.  below  the  surface, 
from  the  Lannon  Stone  Co.'s  quarry,  was  made  for  the  company 
by  Geo.  M.  Prentiss  of  Milwaukee : 

Silica 3.96 

Oxides  of  iron  and  aluminum 1.68 

Carbonate  of  calcium 5S.S9 

Carbonate  of  magnesium 42.S7 

100.S0 
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Iron  and  aluminum  are  present  in  such  small  amoimts  that 
they  can  scarcely  be  injurious  to  the  rock. 

Physical  Tests. — Samples  of  the  stone  from  the  quarry  of  the 
Menominee  Falls  Quarry  Co.  were  subjected  to  the  complete 
series  of  physical  tests,  the  results  of  which  are  embodied  in  the 
tables  in  Chapter  VIII.  The  average  specific  gravity  of  the 
rock  was  determined  to  be  2.814.  The  average  porosity  was 
3.l7j^  and  the  average  percentage  of  water  absorbed  amounted 
to  1.36j^.  These  results  indicate  the  close  grained  character  of 
the  rock. 

The  crushing  strength  is  31,936  lbs.  per  sq.  in.  on  the  bed, 
and  33,485  lbs.  per  sq.  in.  on  edge.  The  transverse  strength, 
expressed  in  the  terms  of  the  modulus  of  rupture,  is  3,170.6  lbs. 
per  sq.  in.  The  crushing  strength  results  are  among  the  high- 
est ever  obtained  for  limestone,  and  show  beyond  a  doubt  that 
the  stone  is  suitable  for  the  heaviest  kind  of  constructional  work. 

Samples  which  were  subjected  to  alternate  freezing  and  thaw- 
ing lost  nothing  in  weight  after  a  period  of  35  days'  exposure. 
As  indicated  in  Table  VII.,  the  crushing  strength  of  the  frozen 
sample  was  over  18,000  lbs.  per  sq.  inch  less  than  that  of  the 
fresh  sample.  This  great  difference  in  the  crushing  strength 
of  the  fresh  and  frozen  samples  is  due  in  part  at  least  to  irregu- 
larities in  the  shape  of  the  frozen  cubes. 

The  results  of  the  treatment  with  CO2  and  SO2  are  given  in 
Tables  VIII.  and  IX.  Neither  treatment  had  any  appreciable 
effect  on  the  weight  of  the  samples. 

Samples  were  subjected  to  extreme  heat,  but  were  not  injured, 
until  calcination  began  at  a  temperature  of  1,000  to  1,200°  F. 

In  general,  these  tests  illustrate  in  a  magnificent  way  the 
strong,  stable  character  of  the  Lannon  limestone.  It  is  one  of 
the  best  limestones  on  the  market,  and,  with  that  from  Wauke- 
sha and  Wauwatosa,  is  not  surpassed  by  any  similar  limestone 
imported  from  neighboring  states. 
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12 
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16 
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Fine,  even  textured  stone,  used  for  facing  and  curbing. 

This  is  a  shelly  layer  consisting  of  two  courses  of  12  inch  footing, 
one  course  of  10  inch  footing,  and  another  of  14  inch  footing. 

14    in .      This  bed  is  at  the  water  level  in  the  quarry. 

23   in.      This  is  considered  to  be  one  of  the  best  courses  in  the  quarry. 

Even  grained  and  light  colored.    The  lower  portion  of  the  bed 

has  a  creamy  color .     An  occasional  chalk  pocket  occurs  in  this 

course.    Large  dimensions  up  to  30  ft.  by  8  ft.  may  be  easily 

quarried . 

Color  is  li^ht  buff.  Even  texture.  An  ocasional  drusy  cavity 
filled  with  quartz. 

Occasional  chalk  pockets  near  the  middle  of  the  bed.    Other- 
wise the  rock  is  even  textured. 
One  streak  of  chalk  pockets  through  middle  of  the  layer. 
Numerous  white  chalk  pockets. 
Texture  is  uneven.    Occasional  white  chalk  pockets. 
Clear,  white  stone,  free  from  chalk  pockets. 

This  is  the  only  opening  in  which  operations  have  been  car- 
ried deep  enough  to  strike  the  courses  which  contain  chalk  pock- 
ets. Very  little  of  the  rock  is  cavemons,  only  an  occasional 
dnisy  cavity  being  observed  in  the  lower  courses, 

DAVIS     BBOS.^      HARMON    <&    SONS^     AND      KIEFER    A    FLANNAGAN 

QUARRIES. 

The  following  section  taken  from  Davis  Bros.'  quarry,  which 
is  located  farther  east  than  the  last,  is  fully  representa- 
tive of  the  general  succession  of  beds  in  all  the  quarries  east  of 
Lannon.  The  quarry  owned  by  Sheridan  Bros,  was  nearly 
filled  with  water  when  visited  in  the  summer  of  1897,  and  there- 
fore nothing  can  be  said  concerning  the  stone  in  that  quarry. 
Beginning  at  the  top  one  finds  the  following  beds. 

5    ft.     Stone  is  used  mainly  for  crushing.    Some  flagging. 

7  ft.  7  in.       Twenty- five  courses  of  curbing   from   2   to  5  inches  in 

thickness. 

8  in.     Coursing  and  curbing. 

9  in.     Two  curbing  courses,  4  inches  thick. 

8   in.     Coursing.    Sometimes  splits  into  two  curbing  courses. 
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4  in*  (  ^^'''^^'^fi^  couraes. 

8  in.     Coursing  when  solid.    Splits  and  furnishes  curbing. 

5  in.     Shelly.    Flagging. 

^   in*  (  ^^  places  solid.    Curbing. 

6^  to  7  in.  ) 

6  **   f  Curbing. 

5^  in.     Curbing. 

6   in.  )  Often  splits  into  three  courses  4  inches  thick.     The  color  of  the 
6    in. )      stone  is  blue,  with  a  tinge  of  pink. 

9  ft.     10  in.    Beds  are  from  4  to  6  inches  thick,  with  the  exception  of 

uppermost,  which  is  8  inches.    Stone  has  a  bluish  color,  often 
tinted  with  pink.     Contains  black  flecks,  similar  to  those  ob- 
served in  the  Wauwatosa  stone. 
14   in.     Often  breaks  into  two  courses  7  in.  thick. 

The  jointing  in  these  quarries  permits  of  any  reasonable  di- 
mensions being  obtained.  The  joints  strike  about  N,  65°  W., 
and  N.  30°  E.  in  Davis  Bros.'  quarry.  In  Williams  &  Lannon's 
quarry  they  are  the  same,  in  the  Hadfield  quarry  No.  1  they 
strike  N.  80°  W.  and  N.  64°  E.,  and  in  Harmon  &  Son's  quarry 
they  strike  N.  45°  W. 

General   Considerations. 

The  major  part  of  the  stone  from  these  openings  is  clear  stock, 
free  from  deleterious  constituents.  The  color  of  the  beds  near 
the  surface  is  generally  a  white  or  delicate  cream.  Deeper 
within  the  quarry  the  beds  generally  have  a  bluish  gray  color. 
The  stone  is  generally  very  compact  and  finely  crystalline,  being 
Btrong,  and,  to  all  appearances,  durable.  Some  of  the  layers 
are  difficult  to  work,  while  others  can  be  cut  and  dressed  with 
<X)mparative  ease.  The  most  undesirable  feature  of  the  stone 
is  the  occurrence,  in  a  few  of  the  beds,  of  pockets  of  chalk. 
Pockets  of  this  nature  are  undesirable  on  account  of  the  ease 
with  which  they  weather  when  exposed  to  the  atmosphere,  leav- 
ing a  rough,  unsightly  surface. 

The  stone  is  preeminently  a  curbing  stone,  but  when  carefully 
selected  it  is  very  desirable  for  building  purposes.  It  has  been 
used  very  largely  in  Milwaukee  and  Chicago,  where  it  competes 
21 
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BTiocessfully  with  the  stone  from  Joliet  and  Lemont,  111.  It  has 
been  found  to  withstand,  without  injury,  the  alternate  freezing 
and  thawing  to  which  curbing  is  subjected  many  times  during  a 
year,  at  or  near  the  surface  of  the  ground.  Besides  curbing  and 
building,  the  stone  is  crushed  for  macadam,  sold  for  footing,  or 
manufactured  into  paving  blocks. 

Probably  certain  of  the  companies  operating  quarries  in  this 
area  will  in  the  future  be  among  the  largest  contributors  to  the 
limestone  market  of  this  and  neighboring  states.  The  stone  is 
admirably  suited  to  many  uses,  and  if  judiciously  handled,  it 
will  certainly  find  a  large  and  profitable  market. 

All  of  the  companies  are  well  equipped  with  machinery  for 
quarrying  and  handling  the  stone.  Steam  drills,  derricks,  and 
bars  constitute  the  larger  part  of  the  equipment.  The  following 
statistical  data  of  the  Menominee  Falls,  Wallen,  and  Lannon 
Stone  Co.  quarries  will  furnish  an  idea  of  the  extent  and  equip- 
ment of  the  quarries  of  this  area. 

Statistical  Data  of  the  Menominee  Falls  Quarry  Co. 

Facilities  at  hand  for  quarrjring: 

3  50  H.  P.  engines.    5  steam  derricks;    2  hand  derricks;    2  stone 
crushers. 
Average  number  of  employees:  75. 
Wages  paid  different  classes  of  employees:  $1 .25  to  $1 .50. 
Oost  of  transportation;  $.02^percwt 
Average  value  of  each  grade  per  cu.  ft . :  $.02. 
Shipments  for  three  years: 

1892^Pier  1,841  cu.  ft;  coping  and  curbing,  65,456  cu.  ft;  paving 
blocks,  96,806;  comers,  sills,  dimensions,  etc.,  960.  Crushed 
1,852 cu. yds;  rubble,  riprap,  etc.,  2,215  cords.  Facing, 
footing,  coursing,  etc.,  57,732  cu.  ft 
1894  —  Coping  and  curbing  114, 246.  Paving  blocks,  512, 886. 
1885  ~  Coping  and  curbing  84,343  cu.  ft;  paving  blocks,  905,360; 
crushed  23,648  cu.  yds;  rubble,  rip-rap,  broken  stone,  4,915 
cords. 
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SkLtistical  Data  of  the  Wallen  Quarry. 

Amount  of  capital  iDvested:    $3,000.00. 

Facilities  at  hand  for  quarrying:    1 10-hp.  and  1  20-hp.  engine,  1  Bteani 
derrick,  2  hand  derricks. 
Average  number  of  employees:    About  18. 
Wages  paid  different  classes  of  employees: 

Laborers $1.50 

Stone  cutters 3.00 

Cost  of  transportation:    $.03  per  100  lbs. 
Shipments  for  three  years: 

1894,  curbing  25,000  ft.;  paving,    75,000  blocks. 

1805,  curbing  30, 000  ft.;  paving,  100,000  blocks. 

1896,  curbing  27,500  ft.;  paving,  150,000  blocks. 

Statistical  Data  of  the  Lannon  Stone  Co. 

Amount  of  capital  invested:    $10,000.00. 

Facilities  at  hand  for  quarrying:    1  15-hp.  engine;  2  steam  derricks;  % 
steam  drills;  1  centrifugal  pump;  1  steam  jet  pump;  4  push  cars. 

Average  number  of  employees:    20. 

Wages  paid  different  classes  of  employees: 

Laborers $1 .  25  to  $1 JSO 

Stone  cutters  by  piece  work  make,  per  day $2.00  to  $3.50 

Cost  of  cutting  and  dressing  stone  per  square  foot: 

4  in .  curbing  per  linear  ft $  .08^ 

Cost  of  transportation:    By  rail,  $.02^  for  rough  stone;  $.08  for  cut 
stone. 

Shipments  for  1896:    125  carloads. 

TEMPLETON  ABEA. 

A  number  of  abandoned  quarries  are  Ics^ated  in  the  vicinity 
of  Templeton,  several  miles  southwest  from  Lannon.  (See 
Plate  XLV.)  The  quarry  of  J.  H.  Kearney  is  about  2 J  milea 
south  of  Templeton.  Another  quarry,  known  as  the  Forrestall 
quarry,  is  located  near  the  one  owned  by  Kearney,  while  a  third 
quarry  at  Templeton,  owned  by  Hummel  &  Elliott,  has  fur- 
nished a  small  amount  of  dimension  stone.  Another  quarry  ia 
this  vicinity  was  opened  about  six  years  ago,  for  the  manufac* 
ture  of  quicklime,  by  Bentley,  Lund  &  Co.,  then  known  as  the 
Wisconsin  Lime  and  Stone  Co. 
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Quarry  Observations. 

At  present  all  of  these  quarries  have  been  abandoned.  The 
Btone  in  each  of  the  openings  differs  somewhat  in  color  and  tex- 
ture, although  having  a  general  similarity.  The  joints  and 
bedding  planes  are  well  defined  in  all  the  openings.  The  joints 
strike  N.  80°  E.  and  N.  55°  W.  in  the  Kearney  and  Forrestall 
quarries,  and  N.  60°  W.  and  N.  50°  E.  in  the  quarry  of  Hum- 
mel &  Elliott.  In  the  Kearney  quarry  the  peculiar  curved 
joints  noted  in  the  Lannon  quarries  were  again  observed.  One 
of  these  joints  gradually  changed  direction  from  N.  55°  W.  to 
N.  87°  W.,  through  an  arc  of  18°.  The  beds  range  from  2  to 
14  inches  in  thickness,  and  stone  of  any  reasonable  lateral  di- 
mensions can  be  obtained. 

All  of  the  quarries  in  this  vicinity  are  located  on  compara- 
tttively  level  land,  and  the  stripping  is  generally  light,  not  ex- 
«ceeding  6  or  8  feet.  The  upper  beds  are,  as  a  rule,  thinner  than 
those  deeper  within  the  quarry.  Some  idea  of  the  stone  occur- 
ing  in  these  quarries  may  be  obtained  from  the  following  partial 
section  taken  from  Kearney's  quarry : 

4  in.     Comparatively  uniform  in  color  and  texture.    The  upper  surface 

has  been  smoothed  and  striated  by  the  action  of  the  glaciers. 

6   in.  )  These  are  flagging  and  curbing  courses.    Quite  uniform  in  tex- 

5  in.  5     ture. 

6  in.  ^  These  beds,  comprising  22  inches,  are  considerably  broken  up, 

4  in.  [•     and  will  not  furnish  as  large  dimension  stone  as  the  courses  be- 

5  in.)     low.    Curbing  and  flagging. 

13  in.     Coursing  stone.     In  places  this  bed  splits  into  two  curbing 

courses. 
«   in.^ 

7  in.     These  courses  may  be  used  for  various  purposes,  either  coursing 

6  in.  I      or  curbing,  depending  upon  the  thickness.  A  few  black  specks 
9   in.  I      are  scattered  unevenly  through  the  matrix  of  the  rock,  but  are 

14  in.        only  noticeable  upon  close  inspection. 
10   in.j 

The  beds  below  this  level  were  concealed  by  water,  which  filled  a  large 
l>art  of  the  quarry. 

General  Considerations. 

The  stone  generally  has  a  uniform  texture,  but  occasionally 
<5arries  small  drusy  cavities  lined  with  calcite.       Certain  beds 
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appear  to  be  especially  well  suited  to  sill  and  cap  work,  but,  as 
a  whole,  the  stone  appears  to  be  best  suited  for  building,  curb- 
ing, and  cross  walks.  Paving  blocks  and  macadam  have  been 
manufactured  quite  extensively  from  this  stone,  but  for  these 
purposes  the  stone  appears  to  be  rather  soft.  Quicklime  has 
been  manufactured  at  several  of  the  quarries,  and  a  number  of 
years  ago  it  was  shipped  quite  extensively  to  Chicago  and  Mi^ 
waukee. 

From  1846-49  a  number  of  buildings  were  constructed  in  this 
vicinity  out  of  stone  from  these  quarries,  among  which  may  be 
mentioned  a  school  house,  church  and  dwelling  house.  A  close 
examination  of  these  buildings  shows  that  the  stone  used  in  the 
walls  is  almost  in  perfect  condition.  The  stone  has  neither  dis- 
colored nor  weathered  perceptibly  and  the  chisel  and  hammer 
marks  are  as  clean  cut  today  as  they  were  when  the  buildings 
were  first  erected. 

PEWAUKEE   ABEA. 

Twj  quarries  are  located  at  Pewaukee,  which  have  been  oper- 
ated more  or  less  for  a  great  many  years.  One  of  these  quarries 
is  owned  by  C.  A.  Cairncross,  and  the  other  by  Caldwell  &  Nel- 
son. Cairnckoss's  Quaeey  is  now  exploited  mainly  for  the 
manufacture  of  quicklime,  though  certain  courses  are  used  for 
building  and  other  constructional  purposes.  The  limestone  is 
fossiliferous  and  contains  small  drusv  cavities  lined  with  calcite. 

The  quarry  owned  by  Caldwell  &  Xelson  is  about  a  mile 
east  of  the  city  of  Pewaukee.  The  stone  is  used  mainly  for 
building  and  curbing  purposes.  The  upper  courses  for  a  depth 
of  4  or  6  ft.  are  unsuited  for  anything  but  the  manufacture  of 
quicklime,  but  the  beds  below  this  horizon,  are  3  to  8  inches  In 
thickness,  and  suitable  for  light  constructional  purposes.  As 
observed  in  the  quarry,  the  stone  is  hard,  finely  crystalline,  and 
of  a  grayish  color.  When  thoroughly  seasoned  it  is  almost 
white. 

There  is  apparently  a  sufficient  supply  of  good  limestone  ia 
this  vicinity  to  meet  all  the  demands  of  the  local  market     It  is 
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possible  that  a  sufficient  amount  of  good  stone  might  be  obtained 
to  warrant  quarrying  on  a  more  extensive  scale. 

BITBLIHGTON   ABEA. 

Near  the  city  of  Burlington^  in  the  southeastern  part  of  the 
state,  is  located  a  small  quarry  owned  by  W.  A.  Aldrich.  At 
one  time  this  quarry  was  worked  quite  extensively  to  supply  the 
local  market,  but  of  late  vears  it  has  been  abandoned.  At  the 
time  the  quarry  was  visited  in  1897,  the  opening  was  largely 
filled  with  water,  which  prevented  an  inspection  of  the  stone  as 
it  occurs  in  the  beds. 

Laboratory  Examination. 

Samples  were  sent  to  the  Survey,  and  a  complete  series  of 
physical  tests  were  made  to  determine  the  quality  of  the  stone. 
The  results  of  these  tests  are  recorded  in  the  tables  in  Chapter 
VIIL  It  was  found  that  the  specific  gravity  of  the  stone  aver- 
aged about  2.78,  the  average  porosity  is  8.32j^,  and  the  average 
ratio  of  absorption  is  3.26j^.  (See  Chapter  YIIL,  Table  V.) 
The  crushing  strength  of  the  stone  is  given  in  Table  II.,  and 
shows  an  average  of  12,827  lbs.  per  sq.  inch.  Samples  were 
subjected  to  alternate  freezing  and  thawing,  from  which  they 
Buffered  no  loss  of  weight  after  a  period  of  35  days.  The  loss 
in  crushing  strength  due  to  freezing  and  thawing,  as  given  in 
Chapter  VIII.,  Table  VII.,  amoimts  to  5,273  lbs.  per  sq.  in. 
Samples  which  w^ere  tested  to  determine  the  effect  of  extreme 
heat  were  not  destroyed,  until  a  temperature  of  1,000°  F.  was 
reached.  The  samples  which  were  treated  with  carbon  dioxide 
suffered  no  loss  in  weight.  The  samples  treated  with  sulphur 
dioxide  were  slightly  discolored,  and  lost  .40  of  a  gram  on  a 
mass  of  a  little  over  35  grams  weight. 

Oeneral  Considerations. 

The  stone  from  this  quarry  is  somewhat  laminated,  and  has  a 
mixed  color.  Certain  courses  are  reddish  brown,  while  others 
are  yellow.  The  texture  is  fairly  uniform,  but  differs  in  the 
different  beds. 
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The  laboratory  examination  of  the  stone  shows  it  to  be  suf- 
ficiently strong  and  durable  for  ordinary  foimdation  and  light 
bridge  construction.  It  would  be  diflScult  to  point  out  without 
an  examination  of  the  stone  in  the  quarry  any  other  purposes 
for  which  the  stone  may  be  suitable.  The  stone  has  been  used 
in  the  construction  of  arches  and  bridge  abutments  spanning  the 
White  river,  in  the  vicinity  of  Burlington,  and  has  been  used  in 
the  construction  of  fomidations  to  many  of  the  business  blocks. 

In  this  vicinity  the  cobble  stones  (limestone),  which  are 
found  abundantly  in  the  drift,  have  been  used  quite  extensively 
in  the  construction  of  the  walls  to  the  dwelling  houses  in  the 
countrv. 

BACINE    ABEA. 

The  quarries  in  the  Niagara  limestone  in  the  vicinity  of  Ra- 
cine are  exploited  mainly  for  the  manufacture  of  quicklime  and 
crushed  rock  for  macadam.  Three  important  quarries,  engaged 
mainly  in  the  manufacture  of  these  products,  are  operated  near 
this  place,  the  Horlick  Lime  and  Stone  Co.,  the  Fox  Lime 
&  Stone  Co.,  and  John  O'Laughlin. — One  of  the  quarries 
of  the  Horlick  Lime  &  Stone  Co.  and  the  quarry  of  John 
O'Laughlin  are  located  at  a  station  north  of  Racine,  known 
as  Ives. 

The  stone  which  is  quarried  from  all  the  different  openings 
has  essentially  the  same  characteristics.  It  is  a  rough  vesicular 
limestone,  carrying  occasional  crystals  of  pyrite  or  marcasite, 
which  often  discolor  the  stone  by  weathering.  The  stone  is  dis- 
tinctly bedded,  but  the  different  courses  vary  largely  in  thick- 
ness. The  lower  courses  are  as  much  as  30  inches  in  thickness, 
while  the  upper  ones  often  do  not  exceed  8  or  10  inches.  The 
different  beds  are  broken  into  various  sized  polygonal  blocks,  by 
jointing  planes,  which  strike  N.  60^  W.,  N.  45°  E.,  and  occa- 
sionally N.  20°  E.  In  most  of  the  quarries  the  stone  is  badly 
broken  up,  making  it  rather  difficult  to  obtain  large  dimensions. 
The  general  color  of  the  stone  is  bluish  gray.  The  texture  is  un- 
even, and  the  different  beds  contain  numerous  small  irr^ular 
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cavities,  on  account  of  which  the  stone  is  known  as  hackly  lime- 
stone. 

As  mentioned  above,  the  stone  from  these  quarries  is  used 
mainly  for  the  manufacture  of  quicklime  and  macadam.  The 
Horlick  Lime  &  Stone  Co.  and  the  Fox  Lime  &  Stone  Ca  fur- 
nish dimension  stone  for  rough  foundation  work,  but  none  of  ii 
is  cut  or  dressed  for  building  purposes.  The  stone  from  the 
John  O'Laughlin  quarry  is  used  exclusively  for  macadam. 
Some  paving  stone  was  manufactured  a  few  years  ago  at  the  Fox 
Lime  &  Stone  Co.'s  quarry,  but  it  did  not  prove  satisfactory,  and 
the  work  was  abandoned. 

CEDABBTTBG    AREA. 

A  single  quarry,  owned  by  John  Groth,  is  located  at  Cedar- 
burg.  Two  openings  have  been  made,  from  which  the  stone 
is  quarried  almost  exclusively  for  the  manufacture  of  lime. 
For  the  most  part,  the  stone  is  light,  porous  and  fossiliferous, 
similar  to  that  which  is  quarried  at  Germantown  for  the  mana* 
facture  of  quicklime.  This  rock  is  very  finely  porous,  and  in 
the  sunlight  the  many  small  crystals,  lining  the  walls  of  the 
minute  pores,  throw  out  a  myriad  of  sparkling  reflections.  The 
stone  works  readily  under  the  hammer,  and  has  a  pleasant 
creamy  color.  The  stone  in  other  beds  of  the  quarry  differs  from 
this  in  being  compact,  brittle,  and  finely  crystalline.  The  stone 
from  these  beds  is  only  suitable  for  the  manufacture  of  quick- 
lime. The  light,  spongy  type,  when  it  occurs  in  sufficiently 
large  dimensions,  can  be  used  to  advantage  for  building  pur- 
poses. 

GKATTOK    ABEA. 

Two  companies  operate  quarries  in  the  vicinity  of  Grafton, 
both  of  which  are  engaged  mainly  in  the  manufacture  of  quick- 
lime. These  companies  are  the  Anschuetz  Co.,  located  about  a 
mile  and  a  half  south  of  Grafton,  and  the  Milwaukee  Falls 
Lime  Co.,  about  a  mile  south  of  Grafton. 
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THE  ANSHUETZ  CO. 

The  stone  quarried  from  the  Anshuetz  Co.'s  opening  is  very 
similar  to  that  quarried  from  the  Groth  quarry  at  Cedarburg. 
Both  the  flinty  and  spongy  kind  occur.  The  rough  and  flinty 
beds  are  at  the  top  of  the  quarry  and  are  all  used  in  the 
manufacture  of  quicklime.  The  lower  15  ft.  are  composed  of 
the  softer  stone,  which  is  used  mainly  for  building  purposes. 
The  color  is  almost  white  and  the  stone  is  apparently  free  from 
impurities.  Occasionally  portions  of  the  beds  are  colored  yel- 
low, and  when  the  stone  is  used  in  the  superstructure  of  a  build- 
ing, these  should  be  avoided.  The  stripping  is  light,  being 
from  2  to  3  feet  thick.  The  joints  strike  about  N.  40°  E.  and 
N.  52°  W.,  and  the  stone  can  be  gotten  out  in  dimensions  suf- 
ficiently large  for  ordinary  coursing  stone.  It  will  serve  re- 
markably well  for  the  construction  of  ordinary  buildings. 
Blocks  4  ft.  by  4  ft.  by  10  ft.  can  be  quite  easily  obtained. 

THE  MILWAUKEE  FALLS  LIME  CO. 

The  quarry  owned  by  the  Milwaukee  Falls  Lime  Co.  was 
opened  in  1892,  and  the  stone  is  used  almost  exclusively  for  the 
manufacture  of  lime.  The  opening  is  800  ft.  long,  400  ft.  wide, 
and  40  ft.  deep,  showing  that  a  large  amount  of  stone  has  been 
quarried  at  this  place. 

This  quarry  serves  as  an  excellent  illustration  of  how  eco- 
nomically a  quarry  may  be  worked.  The  company  has 
utilized  all  the  natural  advantages  of  the  place,  and  the  quarry 
has  been  well  equipped  with  all  necessary  machinery.  Cedar 
Creek  has  been  dammed  for  the  purpose  of  obtaining  power^ 
which  is  transmitted  by  an  air  compressing  engine  to  operate  the 
drills  and  lift  the  cars  up  the  incline  to  the  kilns.  Mr.  G.  A. 
Mace,  who  is  manager  of  the  company,  has  so  conveniently  and 
systematically  arranged  the  work  that  the  lime  is  manufactured 
at  what  might  be  regarded  as  a  minimum  cost  Many  of  the 
companies  in  the  state,  that  are  engaged  in  quarrying  building 
stone,  might  in  a  similar  manner  minimize  the  cost  of  produc- 
tion. 
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POBT  WA8HIKOTOH   ABSJL 

About  six  miles  north  of  Port  Washington  is  located  a  quarrj, 
owned  and  operated  by  the  Dricker  Co.^  which  is  engaged 
mainly  in  the  manufacture  of  quicklime.  The  quarry  is  not 
being  worked  very  extensively  at  present,  but  has  produced  a 
considerable  amount  of  quicklime  in  past  years.  Kough  stone 
for  foundation  and  other  purposes  can  be  obtained  at  this 
quarry. 

GBnOES  ft  BBILLIOK    ABEA. 

The  Cook  &  Brown  Lime  Co.  operate  an  extensive  quarry  at 
Grimms.  The  company  is  engaged  almost  exclusively  in  the 
manufacture  of  quicklime,  although  the  stone  from  certain  beds 
in  the  quarry  might  be  used  to  advantage  for  rough  construc- 
tional work. 

The  Obmsby  Lime  Co.,  located  at  Brillion,  was  opened  in 
1883,  and  is  engaged  exclusively  in  the  manufacture  of  quick- 
lime. If  properly  quarried,  some  of  the  stone  from  this  quarry 
might  also  be  used  for  constructional  purposes. 

XAYVnXE    ABEA. 

The  quarries  at  Mayville  are  two  in  nimiber,  and  are  owned 
by  O.  S.  Cochran  and  Henry  Eudebusch.  The  Cochran 
quarry,  located  about  2  J  miles  north  of  Mayville,  has  been  aban- 
doned for  several  years.  The  stone  from  Eudebusch's  quarry, 
located  4  miles  south  of  Mayville,  is  used  principally  in  the 
manufacture  of  quicklime.  The  quarry  is  very  large,  and  from 
the  lower  beds  an  even  textured,  hard  stone,  from  7  to  14  inches 
in  thickness,  is  quarried.  The  stone  is  badly  broken  by  joints, 
and  it  is  diflScult  to  obtain  stone  of  large  lateral  dimensions.  As 
a  constructional  stone  it  is  only  used  for  local  purposes. 

XKOWLES'    ABEA. 

Two  quarries  are  operated  in  the  vicinity  of  Knowles,  one  by 
Frank  S.  Bauer  and  the  other  by  Happe  Bros.  There  is  little 
difference  in  the  stone  from  these  quarries  although  they  are  lo- 
cated some  distance  apart. 
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HAPPE  Bros/  quarry. 


The  quarry  owned  and  operated  by  Happe  Bros,  is  located 
"on  the  side  of  a  small  hill  about  two  miles  north  of  Knowles. 
The  face  of  the  quarry  is  about  28  feet  deep.  The  stripping  is 
very  light,  not  being  over  2  ft.  The  upi>er  10^  ft.  of  stone 
Are  much  broken  up,  and  are  used  mainly  for  the  manufacture 
•of  quicklinje  and  crushed  stone.  The  remaining  17  ft.  consist 
of  beds  ranging  from  3  to  12  inches Jn  thickness. 

The  upper  of  these  beds  are  softer  and  more  easily  worked 
than  those  deeper  in  the  quarry.  The  stone  is  somewhat  lami- 
nated, and,  with  the  exception  of  the  lowest  bed,  which  con- 
tains large  cavities  often  lined  w^ith  calcite  crystals,  it  is  essen- 
tially solid.  The  main  vertical  joints  strike  N.  55°  W.  and  N. 
45°  E. 

From  the  larger  beds  good  coursing  stone  can  be  obtained,  and 
in  past  years  a  considerable  amount  was  quarried  for  this  pur- 
pose. 

Bauer's  quarry. 

The  quarrv  which  is  owned  bv  F.  S.  Bauer  is  located  on  a 
small  hill  a  short  distance  south  of  Knowles.  It  has  a  face  of 
about  11  \  feet.  The  floor  of  the  quarry  is  somewhat  imeven, 
l)eing  arched  in  several  places.  The  beds  range  in  thickness  from 
3  to  12  inches.  Most  of  the  stone  has  a  very  pleasing  light  buflF 
KJolor,  is  fine  grained,  and  has  a  uniform  texture.  Some  of  the 
lower  courses  have  a  hacklv  texture,  which  unfits  them  for  fine 
work,  but  the  main  difficulty  is  experienced  in  obtaining  large 
-dimensions.  Much  of  the  stone  can  be  easilv  cut  and  dressed, 
and  has  altogether  a  very  pleasing  effect. 

Laboratory   Examination. 

The  stone  from  this  quarry  was  carefully  examined  in  the  lab- 
oratory of  the  Survey,  microscopically,  chemically,  and  phys- 
ically. 

Microscopical  Examination. — The  microscopical  examination 
shows  a  compact  crystalline  rock,  composed  essentially  of  cal- 
•cium  magnesium  carbonate,  with  scarcely  any  quartz  or  other 
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impuritiefl.     The  individuals  are  of  uniform  size  and  interlock, 
in  such  a  manner  as  to  suggest  a  very  strong  stone. 

Chemical  Analysis. — The  following  analysis,  made  by  Prof. 
W.  W.  DaniellSy  shows  that  the  stone  from  this  quarry  is  almost 
a  pure  dolomite,  essentially  free  from  impurities,  such  as  quartz^ 
iron,  and  alimiinum,  which  usually  occur  in  larger  amounts  in- 
ordinary limestone  and  dolomite. 

Si      O, 022 

Al-    0« I         .006 

Fe,   O, > 

Ca  CO, 54.740 

MgCO, 45.07 

Total 99.837 

The  stone  is  over  99ji  pure  dolomite  (Ca  MgCOa). 

Physical  Tests. — The  specific  gravity  of  the  rock  was  found  to- 
be  2.70,  the  percentage  of  water  absorbed  averaged  1.66fiy  and 
the  average  porosity  was  4.43 Jif.  (See  Chapter  VIII.,  Table- 
V.)  The  crushing  strength  of  the  rock,  as  indicated  in  Table  11.^ 
is  29,189  lbs.  per  sq.  inch  on  bed,  and  32,171  lbs.  per  sq.  inch 
on  edge.  The  transverse  strength,  given  in  terms  of  the  modu- 
lus of  rupture,  was  determined  to  be  1,609  lbs.  per  sq.  inch. 
Samples  were  subjected  to  alternate  freezing  and  thawing,  but 
after  35  days'  exposure,  there  was  no  appreciable  loss  in  weight 
(See  Chapter  VIII.,  Table  VI.)  The  loss  in  compressive 
strength  due  to  freezing  and  thawing,  as  shown  in  table  VII., 
amoimted  to  over  13,000  lbs.  per  sq.  inch.  This  difference  be- 
tween the  crushing  strength  of  the  fresh  and  frozen  samples  may 
be-  partly  accounted  for,  as  in  certain  of  the  previous  experi- 
ments, by  the  imperfect  shape  of  the  frozen  samples. 

Samples  of  the  limestone  were  subjected  to  the  action  of  car- 
bon dioxide,  but  showed  no  appreciable  loss  in  weight.  Other 
samples,  subjected  to  the  action  of  sulphur  dioxide,  were  colore<l 
yellow,  and  lost  .07  of  a  gram  in  weight  on  a  mass  of  about  181.6- 
grams,  which  is  an  almost  inappreciable  amoimt.  Small  trans* 
parent  crystals  of  magnesium  sulphate  formed  over  the  entire- 
surface  of  the  samples. 
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The  sample  which  was  subjected  to  extreme  heat  was  little 
affected  at  a  temperature  of  1,000°  to  1,200°  F.,  being  slightly 
calcinated  at  the  comers.     (See  Chapter  VIII.,  Table  X.) 

These  experiments  show  that  the  rock  from  this  quarry  is  well 
suited  for  either  heavy  or  light  constructional  work.  It  is 
strong  and  durable  and  its  freedom  from  impurities  insures 
permanence  of  color. 

MABBLEHEAD    ABEA. 

A  large  amount  of  stone  is  quarried  in  the  vicinity  of  Marble- 
head,  but  it  is  used  mainly  in  the  manufacture  of  quicklime. 
Three  companies  have  opened  and  are  now  operating  quarries 
in  this  vicinity,  the  Marblehead  Lime  &  Stone  Co.,  Nast  Bros., 
and  Geiger.     (See  Plate  XL VIII.) 

Quarry   Observations. 

All  the  stone  from  these  quarries  possesses  the  same  general 
characteristics.  The  beds  are  in  some  places  horizontal,  and  in 
others  they  are  arched  up  into  low  anticlines.  The  rock  is 
badly  broken  up  by  joints,  many  of  which  can  only  be  detected 
in  the  process  of  dressing. 

The  beds  which  have  been  worked  for  dimension  stone  often 
possess  fine  planes  of  lamination,  along  some  of  which  the  stone 
splits  with  comparative  ease.  A  10  inch  bed  cannot  always  be 
depended  upon  for  10  inch  coursing  stone.  Five  inch  courses, 
for  the  same  reason,  cannot  always  be  depended  upon  for  curb- 
ing. Other  beds  are  ves'cular,  and  for  this  reason  are  unfit  for 
dimension  blocks. 

In  Geiger's  quarry  the  joints  strike  N.  45°  E.  and  "N".  45° 
W.,  and  occur  at  irregular  intervals,  making  the  possibilities 
for  large  dimension  blocks  very  uncertain.  Clay  seams,  which 
extend  to  a  depth  of  about  4  feet,  also  occur  in  this  quarry. 

The  large  size  of  the  different  openings  shows  that  operations 
have  been  quite  extensive  during  the  past  years.  The  character 
of  the  stone  and  the  manner  of  occurrence  is  best  illustrated  by 
the  following  vertical  section  taken  from  the  Marblehead  Lime 
&  Stone  Co.'b  quarry : 


334        ^^^  BUILDiyO  8T0NE8  OF  WISCONSIN. 

S5  ft.  The  beds  of  these  upper  courses  are  of  uncertain  dimensions.  The- 
lowest  beds  occasionally  attain  a  thickness  of  S2  inches,  but 
these  may  be  quite  readily  split  into  beds  of  much  smaller  size. 
The  surfaces  of  many  of  the  beds  of  this  horizon  are  rough  and 
often  undulatory.  Very  little  of  the  stone  from  these  beds  is 
available  for  dimensional  purposes. 
3  ft.  8  in.  This  is  the  combined  thickness  of  a  number  of  beds  between 
two  irregular  floors.  The  stone  in  thesS  beds  is  solid,  finely 
crystalline,  and  compact. 

17  in.    Splits  into  four  layers,  which  are  compact  and  finely  crystalline. 
SO   in.    Consists  of  two  compact  and  two  shelly  beds.    All  are  somewhat 

vesicular. 
11   in.    Compact  bed. 
6   in.    Shelly. 

8  in.    Compact,  except  for  the  presence  of  a  few  small  cavities. 

9  in.    Splits  into  four  shelly  layers. 

8i  in. )  Two  compact  and  finely  crystalline  beds.    Most  suitable  beds  for 
10}  in.  )     coursing  observed  in  the  quarry. 

^  jjj^  f  Finely  crystalline.    Curbing. 

3  ft.    Occurs  in  beds  from  2  to  6  inches  thick.    The  beds  are  laminated 
and  the  rock  is  finely  crystalline.    The  color  is  bluish  gray. 

8   in*  (  ^  '^^  cavities  in  the  rock  from  these  courses. 

S2   in.    Consists  of  five  beds  ranging  from  2  to  6  inches  in  thickness. 

18  in.    Very  vesicular.    Three  beds,  5,  6,  and  7  inches  thick. 
18   in.    Consists  of  three  finely  laminated  beds. 


IftREQULAft  BEDDING  PLANE  IN  MARBLEHEAD.  LIMESTONE. 

FIG.  4. 

The  limestone  has  a  general  grayish  white  color,  with  occa- 
sionally the  faintest  tint  of  buff.  Pyrite  occasionally  occurs 
along  the  jointing  or  bedding  planes.     Some  of  the  bedding 
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planes  are  irregularly  toothed,  as  represented  in  Figure  4.  For- 
tunately, this  irregular  bedding  is  not  so  injurious  to  the  stone 
as  it  is  in  the  Indiana  Bedford  quarries,  where  it  occurs  on  a 
much  more  extensive  scale. 

Laboratory  Examination. 

In  order  to  ascertain  the  relative  value  of  the  stone  for  con- 
structional purposes,  samples  from  the  Marblehead  quarry  were 
analyzed  and  tested  in  the  Survey  laboratory. 

Microscopical  Examination. — The  examination  of  the  thin 
section  under  the  microscope  shows  the  rock  to  be  compact,  thor- 
oughly crystalline,  and  uniformly  fine  grained.  It  consists  es- 
sentially of  calcite  and  dolomite,  with  an  occasional  very  small 
grain  of  quartz  and  flecks  of  iron  oxide.  The  stone  is  remark- 
ably free  from  quartz  or  other  impurities. 

Chemical  Analysis. — The  following  chemical  analysis  of  a 
sample  from  the  Marblehead  Lime  and  Stone  Co.'s  quarry  was 
made  by  Prof.  W.  W.  Daniells. 

Si       O, 2.12 

Ca  CO, 53.51 

MgCO, 43.54 

Total W.76 

It  will  be  observed  that  the  stone  is  nearly  a  pure  dolomite. 
The  content  of  silica,  iron,  and  aluminum  are  both  very  small. 

Physical  Tests. — The  results  of  the  physical  tests  are  given  in 
the  tables  in  Chapter  VIII.  The  average  specific  gravity  of 
this  limestone  is  the  highest  of  any  stone  tested  from  this  state, 
being  2.852.  The  average  porosity  is  .77j^,  while  the  ratio  of 
absorption  is  only  .28j^,  which  is  one  of  the  lowest  results  ob- 
tained for  limestone  in  this  state. 

The  maximum  crushing  strength  is  phenomenal  for  lime- 
stone, being  42,787  lbs.  per  sq.  inch  on  bed,  which  is  nearly 
18,000  lbs.  higher  than  the  strength  obtained  for  any  limestone, 
dolomite,  or  marble  occurring  outside  of  Wisconsin.  The 
strength  of  this  limestone  even  surpasses  that  of  the  Fourche 
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Mountain  granite  of  Arkansas  by  8^637  lbs.,  while  it  comes 
within  1^186  lbs.  of  equalling  the  strength  of  the  Montello,  Wis., 
granite,  which  is  thought  to  be  the  strongest  true  granite  yet 
tested  in  the  world.  The  average  crushing  strength  of  the  lime- 
stone is  41,615  lbs.  per  sq.  inch.  The  transverse  strength,  in 
terms  of  the  modulus  of  rupture,  is  3,632.8  lbs.  per  sq.  in., 
which  shows  it  to  be  one  of  the  best  suited  rocks  for  uses  where 
high  transverse  strength  is  required. 

Samples  were  subjected  to  alternate  freezing  and  thawing,  but 
suffered  no  loss  of  weight  after  a  treatment  of  35  days.  (See 
Chapter  VIII.,  Table  VI.)  The  loss  in  compressive  strength, 
as  given  in  Table  VIL,  is  14,254  lbs.  per  sq.  inch.  This  very 
considerable  difference  is  partly  accounted  for  by  the  fact  that 
the  frozen  samples  were  not  as  carefully  dressed  as  the  fresh 
ones. 

The  samples  which  were  subjected  to  extreme  heat  were  trans- 
formed into  quicklime  along  the  edges  at  a  temperature  of  about 
1,000°  to  1^200°  F.  At  a  temperature  of  SOO""  the  stratification 
planes  were  intensified,  but  this  was  the  only  noticeable  change 
imtil  the  point  of  calcination  was  reached. 

The  samples  that  were  treated  with  CO2  were  apparently  un- 
injured thereby.  The  treatment  with  SO2  colored  the  sample 
with  patches  of  yellow  and  caused  a  precipitation  of  MgS04  o^ 
the  surface,  all  of  which  was  attended  with  no  appreciable  loss 
of  weight. 

Oeneral  Considerations. 

The  result  of  these  tests  places  the  Marblehead  limestone 
ahead  of  all  others  in  strength,  and  equal  in  durability  to  that 
from  other  quarries  in  the  state.  The  stone  is  necessarily  some- 
what difficult  to  dress,  but  from  certain  courses  it  may  be  ob- 
tained in  dimensions  suitable  for  sills,  flagging,  curbing,  and 
building.  The  stone  produces  excellent  lime  and  the  crushed 
rock  is  among  the  best  that  can  be  obtained  from  the  Niagara 
limestone  formation. 


■„ 
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HAMILTON    ASEA. 

The  stone  exploited  from  the  quarries  at  Hamilton  is 
very  similar  to  that  which  is  quarried  at  Marblehead.  The 
quarries  at  this  place  are  three  in  number^  and  are  owned  and 
operated  by  the  Hamilton  Lime  &  Stone  Co.,  Seth  Sylvester,  and 
Thos.  Costello.  The  largest  quarry  is  that  of  the  Hamilton 
Lime  and  Stone  Co.,  the  stone  being  used  very  largely  for  the 
manufacture  of  quicklime.  The  Costello  quarry  is  located  about 
half  a  mile  east  of  the  Hamilton  quarry,  and  has  not  been  oper- 
ated for  four  or  five  years.  The  Sylvester  quarry  is  about  a 
quarter  of  a  mile  east  of  the  Hamilton  quarry  and  is  worked 
mainly  for  dimensional  stone. 

Quarry  Observations, 

In  outward  aspect  the  stone  is  very  similar  to  that  which  is 
quarried  at  Marblehead.  It  occurs  in  well  defined  beds,  which 
are  cut  by  joints  striking  N.  45°  W.  and  N.  60°  E.  The  beds 
are  also  broken  by  incipient  joints  known  by  the  quarrymen  as 
"blind"  seams.  These  joints  are  so  close  that  their  presence 
<5an,  as  a  rule,  be  detected  only  when  the  stone  is  broken  with  the 
hammer.  The  beds  are  frequently  arched  in  domes  and  basins, 
often  having  a  very  considerable  elevation  or  depression. 

General   Considerations. 

The  rock  is  finely  crystalline,  and  generally  difficult  to  work. 
For  this  reason,  it  has  been  exploited  mainly,  either  for  the 
manufacture  of  lime  or  crushing  for  macadam.  That  which  is 
sold  for  constructional  purposes  is  rough  "corded"  stone.  The 
stone  does  not  dress  readily  with  a  hammer,  and  for  this  reason 
the  development  of  the  quarries  for  building  stone  has  not  been 
very  large.  The  Sylvester  quarry  is  the  only  one  which  is  now 
exploited  exclusively  for  this  purpose,  and  the  semi-active  condi- 
tion of  this  quarry  indicates  that  difficulties   are  encountered 

which  make  successful  quarrying  uncertain. 
22 
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SHEBOYGAN   ABEA. 

In  the  vicinity  of  Sheboygan  very  little  stone  is  quarried  for 
constructional  purposes.  The  main  quarry  is  that  of  the  She- 
boygan Lime  Works,  from  which  the  stone  is  mainly  used  for 
the  manufacture  of  quicklime.  Some  dimension  stone  has  been 
furnished  for  local  consumption,  mainly  for  foundation  pur- 
poses. The  stone  is  a  hard  bluish  gray  limestone,  usually  rough 
and  vesicular.  It  is  distinctly  bedded,  and  occurs  in  courses  from 
3  to  12  inches  in  thickness.  The  stone  is  apparently  very  much 
broken  by  joints,  although  some  of  the  fractures  may  have  been 
produced  by  blasting.  The  peculiar  stylolite  bedding  planes^ 
shown  in  Figure  4,  were  observed  here  as  in  the  Marblehead 
quarries. 

The  stone  from  the  lowest  three  feet  in  the  quarry,  if  rightly 
worked,  could  be  used  to  advantage  for  ordinary  constructional 
purposes,  but  the  heavier  beds  of  the  upper  part  of  the  quarry, 
on  account  of  their  irregular,  haclily  texture,  are  unsuitable  for 
such  work. 

SHEBOYGAN   FALLS   ABEA. 

The  rock  quarried  at  Sheboygan  Falls  does  not  differ  greatly 
from  that  which  is  quarried  at  Sheboygan.  The  color  is  a  bluish 
gray,  and  the  stone  occurs  in  beds  ranging  from  6  to  20  inches  in 
thickness.  The  lowest  beds,  6  inches  thick,  are  considered  the 
best  for  building.  The  frequency  of  jointing  planes  does  not 
permit  the  quarrying  of  large  dimensions. 

The  stone  is  used  mainly  for  the  manufacture  of  quicklime, 
but  is  also  used  for  local  building  purposes,  mainly  in  founda- 
tions. The  quarry  is  owned  and  operated  by  Henry  Kohlhagen, 
It  is  scantily  equipped  with  machinery,  the  stone  being  quarried 
mainly  by  blasting. 

PEEBLES   ABEA. 

A  small  quarry  is  operated  by  the  C.  &  N.  W.  Ry.  Co.  at 
Peebles,  a  small  station  about  5  miles  northeast  of  Fond  du  Lac. 
The  quarry  is  situated  at  the  top  of  a  bluff,  immediately  adja- 
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cent  to  the  railroad,  and  has  i.  working  face  of  about  24  ft.  The- 
stone  is  quarried  from  the  limestone  beds  immediately  above  the 
Cincinnati  shales.     The  following  is  a  section  of  the  quarry: 

4  ft.  Stripping. 

6  ft.  Rip-rap.    Suitable  only  for  crushing. 

f^  in    ) 

6  in  S  ^^^^  courses  sometimes  run  solid.    Used  only  for  rubble. 

1  ft  9  in.     This  course  generally  breaks  into  three  or  four  beds.    It  is 

partly  rip-rap  and  partly  rubble. 

2  ft.  6  in.     This  course  breaks  into  three  6  in.  beds  and  one  12  inch  bed. 

The  latter  is  used  for  bridge  stone,  but  is  rough  and  vesicik- 

« 

lar. 

3  ft.  6  in.     This  bed  breaks  into  four  courses,  which  are  used  for  bridge 

abutments.    It  is  known  as  rubble  stone. 
3  ft.  6  in.     Rip-rap. 
2  ft.  Clay  shale.    Lower  limit  was  not  exposed  and  it  may  extend 

to  a  depth  of  many  feet. 

The  stone  is  much  broken  by  joints,  on  account  of  which  no 
large  dimensions  can  be  obtained.  The  upper  beds  contain 
many  small  cavities,  most  of  which  are  filled  with  chalk  and 
chert.  Small  crystals  of  pyrite  and  calcite  are  also  found  in  the 
different  beds.  The  dimensions  which  can  be  obtained  are  very 
uncertain. 

The  stone  from  this  quarry  is  not  well  suited  for  either  build- 
ing or  bridge  construction.  The  rough  and  irregular  texture 
interferes  with  cutting  and  dressing,  while  the  joints  are  too 
close  to  permit  the  quarrying  of  large  dimensions. 

KEWAUNEE   ASEA. 

A  single  quarry  is  located  at  Kewaunee,  from  which  the  de- 
mands of  the  local  stone  market  are  supplied.  The  quarry  ia 
owned  by  Mr.  Moore  and  was  operated  in  1897  by  John  Berg- 
man. The  opening  is  shallow,  but  the  lateral  dimensions  are 
quite  large.  From  twelve  to  thirteen  thousand  cords  of  stone 
have  been  sold  since  the  quarry  was  opened.  The  quarry 
is  located  about  2^  miles  west  of  the  city,  and  the  stone  i» 
shipped  by  barge  down  the  Kewaimee  river  to  the  lake. 

The  beds  are  much  broken  up,  giving  no  indication  of  very 
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large  dimensions.     The  stone  is  used  mainly  for  crib  work,  and 
for  this  purpose  it  answers  very  well. 

STUBaEOK   BAY  ABEA. 

An  abundance  of  Niagara  limestone  occurs  within  a  few  miles 
of  Sturgeon  Bay.  The  large  demand  for  stone  in  the  construc- 
tion of  the  government  breakwaters,  piers,  and  cribs  has  assisted 
in  developing  several  large  quarries  in  this  vicinity.  Four 
quarries  are  now  being  operated,  two  on  the  northeast  side  of  the 
bay,  and  two  on  the  southwest  side.  (See  Sketch  Map,  Plate 
XLVIII.)  These  quarries  are  operated  by  the  Laurie  Stone  Co., 
Latham  Smith,  Frank  Hagen,  and  Termensen  &  Jensen.  The 
last  named  quarry  is  known  as  the  Washington  Stone  Co.'s 
quarry. 

Quarry   Observations. 

The  stone  which  is  quarried  from  the  different  openings  does 
not  differ  very  greatly,  either  in  color  or  texture,  and  has  a  gen- 
eral resemblance  to  the  limestone  quarried  at  Hamilton  and 
Marblehead.  It  is  similarly  laminated  and  has  a  color  ranging 
from  buff  to  bluish  gray.  The  stone  is  hard  and  brittle,  and  in 
some  places  has  a  hackly  texture.  It  is  generally  too  hard  to 
dress  easily,  and  certain  of  the  beds  contain  occasional  drusy 
cavities.  Several  of  the  darker  courses  appear  to  be  bituminous. 
Large  dimensions  can  be  quarried  from  some  of  the  beds,  while 
others  are  so  badly  fractured  that  it  is  scarcely  possible  to  obtain 
blocks  of  any  reasonable  size. 

The  joints  at  the  Laurie  Stone  Co.'s  quarry  strike  about  N. 
26°  W.  and  K  65°  E.  At  Hagen's  quarry  they  strike  N.  33^ 
W.  and  N.  60°  E.,  while  at  the  Washington  Stone  Co.'s  quarry 
they  strike  N.  25°  to  30°  W.  and  N.  50°  E.  The  following 
flections,  the  first  taken  from  the  Laurie  Stone  Co.'s  quarry,  and 
the  second  from  the  Washington  Stone  Co.'s  quarry  give  the 
general  characteristics  of  the  stone  from  all  the  quarries  of  this 
area. 
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Laurie  Stone  Co.'s  Quarry, 

2  to  3  ft.     Stripping. 

8  ft.     The  beds  in  this  portion  of  the  quarry  are  from  4  to  6  inches 

thick,  and  are  used  mainly  for  pier  work. 

M  in*  \  ^^^®  heda  are  evenly  laminated  and  are  classed  as  rubble. 

14  in. )  These  two  beds  are  probably  freer  from  drusy  cavities  than  any 
10  in. )      other  layers  in  the  quarry. 

1\  in.  Somewhat  vesicular.  Between  this  bed  and  the  adjacent  ones,  oc- 
cur thin  layers  of  blue  clay.  A  thin  layer  of  clay  is  found 
between  many  of  the  beds. 

9  in.     This  course  is  even  textured  and  clear. 
4  in.     Laminated  layer. 

8^  in.     Contains  a  great  many  drusy  cavities. 

10^  in.     This  course  breaks  into  three  beds  about  6  in.  in  thickness.  Lam- 
inated and  contains  occasional  drusy  cavities. 
13^  in.     This  course  is  laminated,  and  splits  into  two  beds  of  6  and  7^ 
in.  respectively.    The  color  is  light,  almost  white. 

8   in.  ) 

8   in.  >  These  beds  contain  an  occasional  drusy  cavity. 

3i  in.  > 

8   in.  )  The  stone  in  these  courses  has  a  bluish  tinge.     It  is  laminated^ 
6    '*    )      hard,  and  brittle. 

The  Washington  Stone  Co.'s  Quarry. 

I  to  2  ft.    Stripping. 
7^  ft.     Soft  white  to  buff  limestone,  containing  irregular  drusy  cavities. 
The  rock  in  these  courses  is  very  much  broken  up. 
Laminated  stone. 
8  in.    Soft,  hackly  beds. 
Light  colored  stone.    Somewhat  laminated. 
Very  hard  hackly  beds  from  6  to  8  inches  thick.     Much  broken 
up.    Very  dark  slate  color. 
14    in.     This  course  is  laminated,  but  not  quite  as  distinctly  as  certain 
other  courses.     This  course  and  the  ones  immediately  beneath 
it  could  be  cut  with  little  difficulty,  into  sills,  caps,  and  steps. 
19   in.     This  course  contains  a  number  of  small  cavities,  and  is  quite 
rough. 
Shelly  layer. 

This  layer  has  more  of  a  gray  than  a  blue  color. 
This  course  is  somewhat  more  laminated  than  the  others,  and  can 
be  split  into  two  or  more  courses.      The  liminsB  are  indicated 
by  dark  lines. 


1 

ft. 

4 

ft. 

4 

ft. 

8 

ft. 

4 

in. 

12 

in. 

13 

in. 

Shows  wavy  laminatioii.    Hard  and  refractory. 
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^  in.     This  course  is  soft  and  contains  many  irregular  cavities. 

jin.  (  Shows  wavy  lamination. 

7iin.) 
5  in.  I 
5|in.) 

12  in.     Solid  bed,  with  an  oocasional  sedimentary  plane. 
4   in.     Consists  of  two  or  three  small  lamins. 

9   in.     Hard,  laminated  stone  in  which  an  occasional  cavity  occurs. 
6|  in .     Hackly  limestone.      Softer  than  the  preceding  beds,  and  contains 
many  small  pores.  ^ 

13  in.     Solid  bed,  somewhat  laminated,  but  well  suited  to  quarrying  for 

dimension  stone.* 
2   ft.  Sin.    Consists  of  hard,  laminated  rock,  occurring  in  beds  from  5 
to  8  in.  in  thickness,  between  each  of  which  is  a  very  thin 
layer  of  shale  or  clay.    These  beds  are  much  broken  up,  and 
no  large  dimensions  can  be  quarried. 

In  the  quarries  owTied  by  Latham  Smith  and  Frank  Hagan 
the  succession  of  beds  is,  with  a  few  exceptions,  the  same  as 
those  given  above.  The  stone  in  the  uppermost  courses  of  the 
Latham  Smith  quarry  is  apparently  different  from  that  in  the 
other  quarries.  These  courses  are  very  free  from  impurities, 
and  suflSciently  soft  to  be  easily  cut  and  dressed  for  the  finer 
kinds  of  constructional  work. 

Laboratory  Examination. 

Microscopical  Examination. — Thin  sections  of  the  limestone 
from  these  quarries  was  examined  under  the  microscope,  show- 
ing that  the  stone  is  thoroughly  crystalline,  and  that  the  indi- 
viduals interlock  in  an  intricate  manner,  suggestive  of  unusual 
strength.  The  stone  is  essentially  calcium  carbonate  and  dolo- 
mite, with  a  verv  small  amount  of  quartz.     (See  Plate  LXIX., 

Fig.  2.)  ' 

Physical  Tests. — The  stone  from  two  of  these  quarries  has 

been  thoroughly  tested  in  the  laboratory  of  the  Survey,  and  the 
results  are  recorded  in  the  tables  in  Chapter  VIII.  The  aver- 
age specific  gravity  of  the  stone  from  the  Washington  Stone 
Co.'s  quarry  is  2.821,  the  porosity  is  .43j^,  and  the  average  ratio 
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of  absorption  is  .22j^.  The  specific  gravity  of  the  stone  from 
the  Laurie  Stone  Co.'s  quarry  is  2.77,  while  the  average  porosity 
is  .59^,  and  the  ratio  of  absorption  .22j^.  A  comparison  of  these 
with  tests  on  other  limestone  shows  that  the  specific  gravity  is 
high,  and  the  porosity  very  low. 

The  average  crushing  strength  of  the  samples  from  the  Wash- 
ington Stone  Co.'s  quarry,  as  given  in  Table  II.,  is  30,737  lbs. 
per  sq.  in.  on  bed,  and  30,766  lbs.  per  sq.  in.  on  edge.  The 
specimens  from  the  Laurie  Stone  Co.'s  quarry  tested  31,957  lbs. 
per  sq.  in.  on  bed,  and  39,983  lbs.  per  sq.  in.  on  edge.  These  com- 
pressive strength  tests  arc  among  the  highest  obtained  for  lime- 
stone quarried  within  the  state,  and  are  higher  by  several  thou- 
sand pounds  than  the  crushing  strength  of  any  limestone  or  mar- 
ble outside  of  the  state,  which  has  come  under  the  observation 
of  the  writer. 

The  transverse  strength  tests  are  given  in  Table  III.,  and  it 
is  also  interesting  to  note  that  these  tests  are  far  above  the  aver- 
age. The  sample  from  the  Laurie  Stone  Co.'s  quarry  gave  a 
modulus  of  rupture  of  4,659.2  lbs.  per  sq.  in.,  while  that  from 
the  Washington  Stone  Co.'s  quarry  tested  3,923.3  lbs.  per  sq.  in. 
No  limestone  is  known  anvwhere  outside  of  Wisconsin  which 
combines  such  high  transverse  and  compressive  strengths.  These 
tests  indicate  that  the  stone  is  well  adapted  to  the  purposes  for 
which  it  is  used,  namely,  breakwater  and  pier  construction. 

Samples  of  the  stone  from  these  two  quarries  were  also  sub- 
jected to  alternate  freezing  and  thawing,  witli  the  results  given 
in  tables  VI.  and  VII.  The  loss  in  weight  resulting  from  the 
test  was  a  very  inconsiderable  amount,  not  exceeding  .14  of  a 
gram  on  a  mass  of  195  grams.  From  both  quarries  the  crush- 
ing strength  of  the  frozen  samples  averages  about  15,000  lbs.  per 
sq.  in.  less  than  that  of  the  fresh  samples. 

Samples  of  the  stone  from  each  quarry  were  subjected  to  ex- 
treme heat.  At  a  temperature  of  800°  F.  the  stratification 
planes  were  intensified,  and  at  1,000°-1,200°  F.  the  samples 
were  partly  destroyed  through  calcination. 

Samples  which  were  subjected  to  the  action  of  carbon  dioxide 
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in  a  moist  atmosphere  showed  no  appreciable  deterioration  after 
44  days'  exposure.  After  treatment  by  sulphur  dioxide,  for  the 
same  time  and  under  the  same  conditions,  the  loss  was  scarcely 
appreciable,  being  only  .05  of  a  gram  on  a  mass  of  about  50 
grams.  The  samples  treated  with  sulphur  dioxide  were  colored 
yellow  in  narrow  streaks  and  irregular  patches  over  the  surface. 
A  crystalline  precipitate  of  magnesium  salts  was  also  deposited 
at  the  surface. 

General  Consideratiotis. 

Xone  of  the  limestone  in  this  state  has  given  more  satisfac- 
tory strength  and  durability  tests  than  the  samples  from  these 
quarries.  But  the  fact  that  the  laboratory  tests  are  exception- 
ally high  does  not  indicate  that  the  stone  can  be  profitably 
quarried  for  constructional  purposes.  The  stone  is  hard  and 
refractory,  is  not  easily  dressed,  and  some  difficulty  is  exper- 
ienced in  obtaining  large  dimensions.  These  circumstances 
militate  largely  against  the  use  of  the  stone  for  any  purposes 
where  cut  stone  or  large  dimensions  are  desired.  As  a  rule  the 
stone  can  be  used  to  the  best  advantage  in  the  rough,  or  where 
rock  face  finish  is  desired. 

The  largest  demand  for  this  stone  at  the  present  time  is  for 
rough  stone  for  pier  and  breakwater  construction.  It  does  not 
pay  the  quarry  owners  to  assort  the  stone  when  quarrying  for 
this  purpose,  and  therefore  it  is  all  broken  up  alike  and  sold  in 
the  rough.  Certain  of  the  quarry  operators  own  barges,  with 
which  they  ship  to  various  markets  on  the  lake.  At  present  the 
government  uses  a  large  amount  of  this  stone,  but  when  this  de- 
mand is  finally  supplied,  the  quarries  in  this  vicinity  will  be 
obliged  to  look  to  other  markets  for  the  sale  of  their  product. 
The  stone  is  shipped  to  Kacino,  Milwaukee,  Manitowoc,  Muske- 
gon, Michigan  City,  South  Haven,  Grand  Haven,  Frankfort, 
Traverse  City,  Kenosha,  Escanaba,  ^lanistee,  Menominee, 
Oconto,  and  many  other  places.  This  stone  is  among  the  better 
class  of  limestones  that  can  be  used  to  advantage  for  macadam 
and  it  is  thought  that  eventually  it  will  be  quarried  quite  exten- 
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sively  for  this  purpose.  '  Many  of  the  courses  can  be  used  to  ad- 
vantage for  building  purposes,  and  where  great  strength  is  de- 
manded no  better  limestone  can  be  used. 

The  following  data  summarize  the  condition  of  each  of  the 
quarries  located  at  this  place. 

Statistical  Data  of  the  Laurie  Stone  Co. 

Average  number  of  employees:    20  to  50. 

Wa^s  paid  differrent  classes  of  employees:    $1.00,  $1.25,  $1.37,  $1.50. 
Cost  of  transportation:    By  water,  Manistee  and  Manitowoc  $2.00  per  cd. 
Muskegon  $3.00. 
Shipments  for  the  past  five  years: 

1892,  building,  1,637  cds.;  footing,  6  cds.;  pier,  64  cds.; 

1893,  building,  1,624  cds.;  pier,  1,676  cds. 

1894,  building,      950  cds.;  pier,  1,040  cds. 

1895,  building,  1,115  cds.;  footing,  9  cds.;  pier,  820  cds.; 
Paving  blocks,  111  cds. 

1896,  building,      277  cds.;  pier,  118  cds.; 
Paving  blocks,  90  cds.;  chips,  10  cds. 

Statistical  Data  of  the  Washington  Stone  Co.'s  Quarry. 

Amount  of  capital  invested:    $1,200. 

Facilities  at  hand  for  quarrying:  1  15-hp.  engine,  1  band  derrick,  1 
steam  drill . 

Average  number  of  employees:    6  to  45. 

Wages  paid  to  different  employees:    $1.37^  to  $1.75. 

Ck)st  of  transportation:     By  water,  Milwaukee,  $2.50Jper  cord.* 

Average  value  of  each  grade  per  cubic  foot:  Building,  $.02;  pier,  $.01J^; 
paving,  $.03J^. 

Shipments  for  the  past  five  years: 

1892,  building,  1,400  cds. :  pier,     400  ods. 

1893,  building,     600  cds . ;  pier,  3,840  cds . 

1894,  building,     400  cds . ;  pier,     350  cds . ;  paving,  125  ods . 

1895,  building,     200  cds . ;  pier,     350  cds . 

1896,  building,     300  cds . ;  pier,     900  cds . 

Statistical  Data  of  the  Latham  Smith  Quarry. 

Amount  of  capital  invested:    $6,000.00. 

Facilities  at  hand  for  quarrying;    1  hoist  engine;  2  steam*  derricks;  2 
hand  derricks;  boiler;  Rand  steam  drill. 
Average  number  of  employees:    70. 
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Wages  paid  diflferent  classes  of  employees: 

Laborers $1.SE» 

Quarrymen 1.50 

CoBt  of  transportation:    By  water,  Milwaukee,  $2.25  per  od. 
Average  value  per  cord:    $2.50. 
Shipments  for  the  past  three  years: 

1894 1,500  cords. 

18J6 6,000  cords. 

1896 5, 000  cords. 

Statistical  Data  of  the  Sturgeon  Bay  Stone  Quarry. 

Amount  of  capital  invented:  $14,000.00. 

Facilities  at  hand  for  quarrying:  3  steam  drills:    1  engine.    2  hand  der- 
ricks; 14  cars,  and  railroad  track  and  engine  for  handling  carsC 
Average  number  of  employees:  About  65. 
Shipments  for  the  past  five  years: 

1892 2,000  ccMds. 

1893 6,000  cords. 

1894 2, 400  cords. 

1895 2, 400  cords. 

1896 1,800  cords. 

MISCELLANEOUS    QUABBIES. 

A  quarry  was  opened  a  number  of  years  ago  at  a  station  on 
the  Wisconsin  Central  Ky.,  in  Manitowoc  county,  knoAvn  as  the 
Limestone  Quarry.  The  stone  has  a  beautiful  white  color,  is 
well  crystallized,  and  has  a  imiform  texture.  An  occasional 
drusy  cavity,  often  lined  with  calcit«  crystals,  occurs  in  some  of 
the  beds.  The  stone  is  in  nowise  discolored,  and  has  very  much 
the  appearance  of  white  marble.  The  upper  15  ft.  of  the  quarry 
consists  of  stone  which  is  much  broken  up,  which  might  be  used 
for  the  manufacture  of  quicklime.  Below  the  stripping  there 
are  from  12  to  15  beds,  ranging  from  6  to  10  inches  in  thicknass, 
which  apparently  contain  excellent  stone  for  sills,  tables^  and 
coursing.  The  stone  also  looks  as  though  it  might  take  a  good 
polish. 

At  Coopersto^vn,  about  15  miles  northwest  of  Manitowoc,  an 
abundance  of  Niagara  limestone  outcrops  at  or  near  the  sjirface 
of  the  ground.     This  stone  has  been  quarried  to  some  extent  for 
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the  manufacture  of  lime,  and  also  for  local  building  purposes. 
It  is  even  grained  and  has  a  fine  crystalline  texture.  It  varies 
in  color  from  buff  and  gray  to  pink.  The  upper  courses,  along 
the  river  valley,  are  considerably  broken  by  jointing  planes,  but 
a  number  of  places  were  observed  where  the  joints  were  far 
'enough  apart  to  permit  of  reasonable  dimensions  being  quarried. 
At  other  places  the  joints  appear  to  be  relatively  close,  and  indi- 
<;ations  are  less  promising.  It  is  quite  probable  that  an  abun- 
•dance  of  stone  suitable  for  many  purposes  could  be  obtained  in 
•this  vicinity  if  quarrying  was  properly  conducted. 

RlfeSUME. 

The  Niagara  limestone  furnishes  an  excellent  illustration  of 
the  great  variety  of  demands  which  may  be  supplied  by  the  stone 
from  a  single  formation.  There  is  scarcely  any  purpose  for 
which  limestone  is  used,  that  is  not  supplied  by  the  output  from 
this  formation.  Where  the  stone  is  equally  suited  to  a  number 
of  uses,  it  is  quarried  for  that  purpose  which  yields  the  largest 
profit.  Ordinarily  a  stone  is  quarried  for  the  purpose  for  which 
it  is  suited,  but  it  occasionally  happens  that  in  view  of  larger 
profits  a  stone  is  sold  for  purposes  for  which  it  is  not  adapted. 

There  seems  to  be  a  tendency  on  the  part  of  quarrymen  to 
prefer  to  furnish  Niagara  limestone  in  the  rough,  rather  than 
cut.  There  arc  several  reasons  for  this,  but  probably  the  most 
important  is  tlie  mucli  less  investment  of  capital  required. 
Again,  the  price  of  skilled  labor  is  much  higher  than  that  of  or- 
-dinary  labor,  and  the  margin  of  profit  is  very  small,  especially 
wlien  the  stone  cuts  with  ditficultv.  For  these  and  other  rea- 
sons,  the  limestone  of  the  Niagara  formation  is  used  most 
largely  in  the  manufacture  of  lime  and  crushed  rock,  or  sold  in 
the  rough  for  constructional  work.  Very  few  of  the  many 
•quarries  in  this  formation  furnish  cut  stone,  but  all  of  them  will 
sell  stone  in  the  rough.  When  sold  in  this  shape  it  must  after- 
ward be  cut  bv  the  contractor  if  it  is  to  be  used  for  the  finer 
masonry  work. 

The  stone  differs  in  texture,  composition,  hardness,  color,  etc., 
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as  taken  from  different  beds  and  from  different  areas.  It  is- 
therefore  difficult  to  make  any  general  statement  as  to  the  fitness 
of  the  stone  for  any  specific  purpose  from  the  formation  as  a 
whole.  It  is  necessary  for  one,  who  desires  to  know  the  fitness 
of  the  stone  from  any  single  area  or  quarry,  to  look  over  care- 
fully the  laboratory  tests  and  general  descriptions  of  the  quarries 
given  in  the  main  part  of  this  chapter.  The  formation  fur- 
nishes, in  certain  section,  excellent  building  stone.  Crude  ma- 
terial for  the  manufacture  of  many  thousands  of  barrels  of  lime 
comes  from  this  formation.  In  many  parts  of  the  state  the 
stone  is  crushed  for  macadam.  It  is  used  for  flux  in  smelting 
furnaces.  In  fact,  there  are  few  purposes,  for  which  stone  is 
used,  that  are  not  supplied  by  stone  from  this  formation.  The 
yearly  income  from  this  formation  is  a  large  item  in  the  produc- 
tive wealth  of  the  state. 

A  much  larger  amount  of  stone  than  is  now  bein^  consumed 
might  be  used  to  advantage  for  building  and  other  heavy  con- 
structional purposes.  Thousands  of  tons  of  excellent  building 
stone,  which  ought  to  be  used  in  the  construction  of  buildings, 
are  each  year  being  broken  into  crushed  rock  for  macadam. 
Other  stone  equally  suitable  can  be  obtained  for  road  purposes, 
and  the  fine,  even  textured  courses  from  many  parts  of  the  If i- 
agara  formation  ought  to  be  preserved  for  the  better  classes  of 
constructional  work. 
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CHAPTER  VII. 


AREAS    FROM    WHICH    SUITABLE   STONE  FOR 
DIFFERENT  USES  MAY  BE  OBTAINED. 

BUILDING. 

The  principal  parts  of  a  building  into  the  construction  of 
which  stone  enters  are  the  foundation  and  the  walls  of  the  su- 
perstructure. In  a  frame  building  all  that  portion  which  is  be- 
low the  first  floor  is  known  as  the  foundation.  That  part  which 
is  concealed  beneath  the  ground  is  generally  random  rubble  ma- 
sonry, but  that  above  should  be  either  ashlar  or  one  of  the  better 
kinds  of  rubble  walling.  The  walls  of  the  superstructure  of  a 
stone  building  are  either  ashlar  or  rubble  masonry.  Ashlar 
walling  may  be  "uncoursed  random,''  ^'coursed  random,"  "un- 
coursed  squared,"  "coursed  squared,"  "coursed  header,"  "reg- 
ular coursed,"  "dry,"  or  "flint.  "Rustic"  or  "polygonal  rag 
work"  is  also  a  form  of  rubble  masonrv.  "Block  in  course"  is 
an  intermediate  class  of  masonrv  between  ashlar  and  rubble. 
Ashlar  facing  is  an  expression  applied  to  walla  in  which  stone  is 
used  merely  as  a  facing,  and  is  backed  with  rubble  or  brick 
work.  The  different  parts  to  a  building  are  known  by  specific 
names,  as  "quoins,"  "window  sills,"  "arches,"  "window  and  door 
jambs,"  "lintels,"  "string  courses,"  "corbels,"  "eaves  courses," 
^'copings,"  "skew  corbel,"  "saddle  stone,"  "cornices,"  "balus- 
trade," "parapet,"  "blocking  course,"  "plinth,"  and  "columns." 
Stone  which  is  used  in  any  of  these  positions  should  be  carefully 
cut  and  dressed,  while  the  necessity  for  this,  in  other  parts,  is 
not  so  imperative.  The  joints  in  the  wall  should  be  close,  not 
exceeding  1-8  or  1-10  of  an  inch  in  ashlar  masonry.  In  other 
kinds  of  masonry  they  are  often  much  thicker. 
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The  stone  used  in  ashlar  masonry  should  have  the  capacity  to 
dress  nicely.  If  the  stone  dresses  easily  the  wall  may  be  rela- 
tively inexpensive,  but  if  the  stone  is  refractory,  the  expense 
may  be  very  great.  The  kind  of  masonry  used  also  influences 
the  cost  Coursed  ashlar  is  ordinarily  the  most  expensive,  on 
account  of  the  uniformity  in  height  of  the  blocks.  Rubble  ma- 
sonry is  expensive  in  proportion  as  it  approaches  ashlar  worL 
Ordinarily  there  is  little  attempt  to  carefully  dress  the  blocks 
used  in  rubble  masonry,  and  the  joints  are  often  of  uneven 
thickness  and  roughly  finished. 

Stone  used  in  special  positions  in  a  building  should  be  cut  and 
fitted  especially  for  these  positions.  Stone  used  for  quoins 
should  be  massive  and  readily  dressed.  Stone  used  for  window 
sills  and  lintels  should  possess  a  relatively  high  transverse 
strength.  Copings  and  saddle  stone  should  have  as  few  joints 
as  possible.  Balustrades,  parapets,  cornices,  and  columns 
should  be  built  out  of  durable  stone  which  can  be  cut  and  carved 
with  good  effect.  The  strength  required  of  the  stone  depends 
largely  upon  its  position  in  the  wall.  If  it  is  near  the  base  of 
the  wall,  the  superincumbent  load  will  be  greater  than  if  it 
were  near  the  top,  and  the  strength  should  be  correspondingly 
greater.  At  and  beneath  the  level  of  the  ground  the  stone 
should  be  free  from  parting  planes  which  place  the  stone  in  dan- 
ger from  the  freezing  of  anv  included  water. 

To  find  a  building  stone  which  meets  all  of  these  different 
conditions  perfectly,  is  not  an  easy  task.  A  stone  that  dresses 
readily  may  not  be  as  suitable  in  point  of  strength  and  durabil- 
ity, as  one  that  is  more  refractory.  A  stone  which  is  in  all 
other  respects  desirable  may  contain  impurities  which  will  pro- 
duce unsightly  discolorations  after  a  few  months'  exposure  in 
the  wall.  Limestone,  which  is  used  very  extensively  in  this 
country  for  building  purposes,  is  often  discolored  by  iron  oxide, 
bitumen,  or  efflorescence  after  it  has  been  in  the  wall  for  only  a 
few  months. 

It  would  be  a  difficult  task  to  point  out  specifically  the  pur- 
poses for  which  the  stone  from  each  quarry  in  the  state  is  suited. 
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Likewise,  it  would  hardly  be  possible  for  one  to  indicate  all  the 
quarries  where  stone,  suitable  for  each  of  the  different  uses,  is 
to  be  found.  Only  in  a  general  way  can  some  of  the  more  im- 
portant uses  and  the  quarries  from  which  ?aitable  stone  may  be 
obtained,  be  mentioned.  For  more  detailed  information,  refer- 
ence should  be  made  to  the  preceding  chapters,  in  which  the 
quarries  are  all  described  individually. 

The  descriptions  in  the  first  part  of  Part  II.,  Chapter  IL,  con- 
cern the  granite  and  rhyolite  industry.  Granite  and  rhyolite 
are  the  most  expensive  and  diflScult  stones  to  work,  that  are 
quarried  in  Wisconsin.  The  refractory  nature  of  the  stone, 
nevertheless,  is  one  of  the  indications  of  its  superior  strength 
and  durability.  The  granites  quarried  at  Amberg,  Wausau, 
Montello,  and  in  Waushara  county,  and  the  rhyolite  from  Ber- 
lin, are  all  well  suited  to  masonry  construction.  These  and  the 
Waupaca  granite  can  be  worked  into  magnificent  columns,  and 
are  admirably  suited  to  indoor  work.  Only  in  the  more  costly 
structures,  is  granite  used  for  all  parts  of  a  walL  It  is  most 
frequently  used  in  the  shape  of  polished  columns  or  comer 
stones,  in  buildings  constructed  mainly  out  of  brick  or  cheaper 
stone.  Wherever  granite  is  used  the  strength  is  ample  and  the 
appearance  is  that  of  solidity  and  permanence. 

Turning  our  attention  to  stone  which  is  more  readily  worked, 
we  find  an  abundance,  both  in  kind  and  quality,  which  is  suita- 
ble for  constructional  work.  The  Lake  Superior  brownstone  is 
a  material  which  is  adapted  to  use  in  all  parts  of  a  building.  It 
is  cut  and  dressed  with  reasonable  facility,  is  strong  and  durable, 
and  can  be  obtained  in  unlimited  quantities  for  blocks  or  col- 
imins  of  any  dimensions.  It  can  be  used  in  all  kinds  of  rubble 
and  ashlar  masonry,  but  is  especially  adapted  to  coursed  ashlar 
walling.  The  stone  can  be  dressed  in  almost  any  fashion,  but  is 
best  suited  to  rock  faced  work.  Each  of  the  quarries  in  this  dis- 
trict has  an  abundance  of  stone  for  all  general  building  purposes. 

The  white  and  buff  colored  sandstones  at  Dunnville  and  Abie- 
mans  are  the  only  stones  now  quarried  in  the  Southern  Potsdam 
area  which  are  well  suited  to  general  constructional  purposes. 
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The  Dunnville  stone  is  soft  and  can  be  e^^ily  cut  and  carved, 
while  the  stone  from  Ablemans  is  very  refractory  and  difficult 
to  work.  The  former  costs  much  less  than  the  latter,  but  is  less 
suitable  for  permanent  and  heavy  construction. 

The  St.  Peters  formation^  at  Red  Rock  and  Argyle,  furnishes 
a  brown  sandstone^  which  is  in  part  suitable  for  building  pur- 
poseSy  mainly  rubble  masonry.  Stone  for  coursed  ashlar  wall- 
ing may  be  obtained  from  certain  beds  in  these  quarries.  The 
stone  has  a  great  variety  of  colors,  and  is  sometimes  built  into 
rustic  walls,  giving  the  building  a  very  striking  appearance. 

The  lower  Magnesian  formation,  at  Bridgeport,  Trempeleau, 
and  Maiden  Rock,  furnishes  stone  suitable  for  all  ordinary 
purposes.  The  same  stone  is  quarried  at  a  number  of  other 
places,  mainly  for  local  consumption.  Among  the  latter  places 
are  La  Crosse  and  Fountain  City. 

Stone  from  the  Trenton  formation   has   been  used  in  manv 
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parts  of  the  state  both  for  the  superstructure  and  substructure  of 
buildings.  It  has  proven  satisfactory  for  purposes  where  there 
is  little  or  no  danger  from  freezing.  When  the  stone  is  used 
near  the  water  line  it  often  shells  and  opens  up  along  the  bed. 
The  stone  from  a  number  of  courses  in  the  Duck  Creek  quarries 
is  used  for  building  purposes,  and  as  a  rule  the  buildings  con- 
structed therefrom  have  an  attractive  appearance. 

From  the  Niagara  formation  at  Wauwatosa,  Lannon,  Genesee, 
Marblehead,  Sturgeon  Bay,  and  Knowles  a  good  quality  of  lime 
stone  is  quarried  which  is  generally  suited  to  all  building  pur- 
poses. Fine  hammer  dressed  work  on  some  of  this  stone  is  ex- 
pensive, but  the  results  are  as  a  rule  very  satisfactory. 

From  all  the  formations  where  quarries  are  being  worked, 
rough  foundation  stone  can  be  obtained.  Stone  from  all  the 
quarries  is  not  suitable  for  foundation  walls  above  ground, 
which,  instead  of  being  constructed  from  rough  stone  in  random 
rubble  walling,  should  be  built  out  of  ashlar  bWks.  The  an- 
pearance  of  residences  and  buildings  in  general  would  be  much 
improved  if  the  random  rubble  work,  which  is  suitable  onlv  for 
foundation  walls  below  the  surface  of  the  grouud,  should  be  re- 
placed with  coursed  ashlar  walling. 
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The  boulders  of  igneous  rock,  whick  are  strewn  in  abundance 
over  certain  portions  of  the  glaciated  area  of  t];ie  state,  furnish  a 
practically  unlimited  supply  of  excellent  stone,  well  suited  for 
foundation  work,  either  above  or  below  the  ground.  Mingling, 
indiscriminately,  the  different  colored  blocks  of  many  shapes 
And  sizes,  produces  a  very  attractive  appearance.  In  this  work, 
the  joints  should  be  close  but  the  blocks  look  well  with  either 
natural  or  rough  dressed  faces. 

BBIDGES. 

Stone  used  for  bridge  work  should  be  heavily  bedded,  and  the 
joints  sufficiently  far  apart  to  permit  of  large  dimensions  being 
quarried.  The  stone  should  be,  as  nearly  as  possible,  free  from 
sedimentary  planes,  with  a  specially  high  capacity  to  withstand 
the  agents  of  weathering.  The  stone  which  most  nearly  meets 
these  conditions  is  the  heavily  bedded  Potsdam  sandstone  from 
the  Lake  Superior  region,  that  from  Ablemans,  and  the  heavy 
-compact  limestone  from  the  Niagara  formation  at  Wauwatosa, 
Waukesha,  Lannon,  and  Sturgeon  Bay.  For  small  culverts  and 
wagon  road  bridge  abutments,  suitable  stone  can  be  obtained  by 
-careful  selection  from  many  local  quarries.  The  stone  obtained 
from  the  local  quarries  is  generally  suitable  only  for  random 
rubble  work.  Certain  of  the  igneous  rocks,  although  seldom 
used,  are  very  suitable  for  bridge  work. 

BETAINIKa   WALLS. 

The  stone  used  in  the  construction  of  retaining  walls  should 
T^e  as  carefully  selected  as  that  which  is  used  in  the  superstruc- 
ture of  buildings.  This  is  not  always  appreciated,  and  one 
often  sees  a  rough  and  ragged  wall  where  one  of  beauty  should 
"have  been  constructed.  Random  rubble  work  is  the  most  com- 
mon style  of  masonry  used  in  the  construction  of  retaining 
-walls.  Stone,  from  any  of  the  quarries  in  the  state,  which  is 
not  shaly  and  is  free  from  gross  imperfections,  may  be  used  to 
advantage.  The  brownstone  of  the  Lake  Superior  region,  the 
limestone  of  the  Niagara  formation,  and  the  igneous  rocks, 
23 
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wherever  found^  if  carefully  quarried,  cut  and  dressed,  are  all 
suitable  for  retaining  walls.  Very  artistic  and  pleasing  effects 
are  produced  by  using  the  different  colored  boulders  of  igneous 
rock,  which  are  scattered  in  great  numbers  over  the  glaciated 
area  of  the  state.  The  joints  should  be  especially  close  in  this 
class  of  work,  to  prevent  the  entrance  of  water,  which  often  in- 
jures the  stone  by  freezing. 

MONUMENTAL  AND  ORNAMENTAJL. 

Each  of  the  granite  quarries  furnishes  a  stone  with  a  different 
color  and  texture.  Some  of  the  quarries  produce  two  or  more 
kinds,  and  from  each  of  these  quarries,  the  stone  is  used  for 
monumental  or  ornamental  purposes.  Much  of  the  stone  may 
be  obtained  either  in  the  rough  or  dressed,  and  in  any  reasonable 
dimensions. 

The  brownstone  of  the  Lake  Superior  region  has  also  been 
used  for  monumental  work.  As  an  example  of  such  work  may 
be  cited  the  monolith  which  was  prepared  by  the  Prentice 
Brownstone  (^ompany  for  the  Wisconsin  exhibit  at  the  World's 
Fair  in  18'J3.  On  account  of  its  enormous  size,  it  was  never 
removed  from  the  quarry,  and  is  now  bein^  cut  up  and  sold  for 
dimension  stone.  The  base  of  the  monolith  was  9  to  10  feet 
square,  tapering  at  the  top  to  2^  or  3  feet  square.  The  height 
was  110  feet,  exclusive  of  base. 

But  it  is  among  the  granite  and  rhyolite  quarries  that  we 
must  look  in  the  future  for  monumental  stone.  They  are  best 
adapted  to  this  use.  The  quarries  of  Wisconsin  furnish  granite 
of  almost  any  desired  color  or  texture,  equal  in  strength  and  dur- 
ability to  any  imported  stone. 

For  inside  ornamental  work  to  dwelling  houses  or  public 
buildings  all  of  the  granite  is  well  adapted.  The  brilliant 
coarse,  red  variety  from  Waupaca  is  better  adapted  to  this  use 
than  to  monumental  work,  being  an  excellent  material  for 
wainscoting  and  cylindrical  columns.  For  pillars,  columns 
and  wainscoting  there  is  an  abundance  of  excellent  material 
among  the  granite  quarries  throughout  the  state. 
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PIEB,  BBEAKWATEB,  AND  CBIB. 

For  these  puppoafts  rough  uncut  stone  is  generally  used  in  this 
state.  As  a  rule,  these  work»  are  built  in  a  very  temporary 
fashion,  without  either  cement  or  mortar.  The  harder  lime- 
stone, such  as  may  be  obtained  in  the  vicinity  of  Sturgeon  Bay 
and  along  the  bluffs  of  the  Mississippi,  and  the  more  indurated 
sandstone  from  the  Lake  Superior  region  are  well  suited  for  this 
kind  of  work.  The  limestone  from  the  quarries  at  Wauwatosa 
and  adjacent  localities,  and  the  granite  from  the  northern  crys- 
talline area,  are  also  well  adapted  for  these  purposes.  Stone 
is  also  quarried  for  these  purposes  at  Grand  Kapids,  Duck 
Creek,  Neenah,  and  Menasha. 

BOAD     CONSTBUCTION. 

The  suitability  of  the  stone  from  the  different  quarries,  for 
purposes  of  road  construction  has  not  been  especially  considered 
in  this  report.  It  is  known  that  for  paving  purposes  the  ig- 
neous rocks  with  smooth  heads  are  most  desirable.  The  lime- 
stone blocks  used  in  this  state  have  thus  far  proven  unsatisfac- 
tory. The  igneous  rocks  quarried  at  Berlin,  Utley,  Montello, 
Wausau,  Granite  City,  Amberg,  and  in  Waushara  coimty  have, 
on  the  whole,  given  the  best  satisfaction.  The  quartzite  blocks 
manufactured  at  Devils  Lake,  Ablemans,  and  Portland  are  very 
hard  and  durable,  but  are  objected  to  on  account  of  the  originally 
rough  heads  and  the  slippery  surfaces  produced  after  a  few 
years'  wear.  The  limestone  blocks  may  be  obtained  at  a  number 
of  quarries,  among  which  those  at  Lannon  are  probably  the  best 
known.  Blo(*ks  have  also  been  cut  from  the  limestone  at  Wau- 
watosa, Waukesha,  Genesee,  Racine,  and  numerous  other  less 
important  localities. 

The  most  satisfactory  material  for  curbing  purposes  is  ob- 
tained from  the  quarries  of  igneous  rock.  The  best  granite  and 
rhyolite  curbing  is  obtained  from  the  quarries  at  Berlin  and  in 
Waushara  county.  IN'evertheless  the  largest  amount  of  curbing 
is  supplied  by  the  limestone  of  the  Niagara  formation.  The 
quarries  at  Lannon,  Wauwatosa,  Waukesha,  and  Genesee  are  es- 
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pecially  noted  for  the  excellent  limestone  curbing  which  thej 
produce.  Curbing  is  also  manufactured  from  certain  of  the 
sandstone  quarries,  but  with  the  exception  of  the  ILake  Superior 
sandstone  it  is  not  placed  on  the  market  in  sufficient  quantity  to 
warrant  special  mention.  The  limestone  quarries  from  which 
the  main  supply  of  curbing  is  obtained  also  furnish  excellent 
flagging  for  cross  walks  and  sidewalks. 

The  largest  product  of  the  quarries  for  road  construction  is 
crushed  stone.  During  the  last  few  years  a  strong  sentiment 
has  arisen,  favoring  good  roads.  This  has  been  manifest  in  an 
increased  demand  for  crushed  stone.  In  many  instances  this 
demand  has  been  met  by  the  purchase  of  good,  durable  stone,  but 
in  other  places  cheap,  undesirable  stone  has  been  used.  The 
towns  and  villages  in  this  state  have  only  begun  to  use  crushed 
stone  in  the  construction  of  roads,  and  now  is  the  time  to  see  that 
the  best  material  that  can  be  obtained  is  used.  The  cheapest 
and  most  easily  accessible  stone  is  often  the  dearest  in  the  long 
run.  Keeping  in  repair,  a  macadamized  road  built  out  of  poor 
material,  is  oftimes  an  expensive  undertaking.  It  is  far  less 
expensive  to  use  good  material  when  the  road  is  first  built  A 
wagon  road  which  is  subject  to  heavy  traffic  should  be  macadam- 
ized with  a  hard,  durable  stone.  Streets  that  are  used  only  for 
carriage  driving  may  prove  very  satisfactory  when  built  out  of 
a  softer  stone,  but  a  road  which  is  subject  to  heavy  or  even  mod- 
erate traffic  should  be  macadamized  with  either  igneous  or  meta- 
morphic  rock,  preferably  the  former.  A  road  which  is  subject 
only  to  light  traffic  will  prove  quite  satisfactory  if  it  is  built  out 
of  the  best  limestone  or  dolomite. 

The  difficulty  experienced  in  the  use  of  limestone  arises  from 
the  rapidity  with  which  it  wears.  In  the  summer,  the  streets, 
if  not  periodically  cleaned,  have  from  one  to  six  inqhes  of  mud 
or  dust  on  their  surface.  The  frost  in  the  spring  causes  them 
to  heave,  and  thus  they  are  more  or  less  broken  up.  The  roads 
that  are  macadamized  with  igneous  or  metamorphic  rocks  wear 
better  than  those  constructed  out  of  limestone  or  sandstone,  and 
are  less  injured  by  freezing  in  the  spring.     The  main  objection 
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to  quartzite  for  macadam  is  the  absence  of  a  cementing  material 
by  which  the  fragments  should  be  firmly  bound  together. 

Crushed  igneous  rock  can  be  obtained  at  Beriin,  Utley,  Mon- 
tello,  and  Amberg.  Crushed  quartzite,  one  of  the  metamorphio 
rocks,  can  be  obtained  at  Devils  Lake,  Ablemans,  and  Waterloo, 
Crushed  limestone  can  be  obtained  at  many  places  within  the 
state,  among  which  are  Wauwatosa,  Waukesha,  Racine,  Janes- 
ville,  Appleton,  Neenah,  Menasha,  Beloit,  Madison,  Lannon, 
Templeton,  Duck  Creek,  and  Sturgeon  Bay. 

MISCELLANEOUS  USES. 

Hitching  posts,  monument  bases,  stepping  blocks,  etc,  are 
cut  from  the  stone  quarried  at  a  large  nimaber  of  quarries  in  dif- 
ferent parts  of  the  state.  For  hitching  posts,  there  is  nothing 
better  than  a  good  solid,  well  cemented  sandstone  or  limestone. 
Necessarily,  the  stone  should  be  free  from  prominent  bedding 
planes,  to  prevent  any  possibility  of  shaling.  Stone  suitable 
for  these  purposes  can  be  obtained  from  the  Lake  Superior  re- 
gion.  Grand  Bapids,  the  Saddle  Mound  quarry,  Bridgeport, 
Waupun,  Eiver  Falls,  Wauwatosa,  Waukesha,  Lannon,  Able- 
mans, and  a  number  of  other  places. 

RlfeSUM^. 

In  general,  Wisconsin  is  exceptionally  well  supplied  with  an 
abundance  of  stone  suitable  for  nearly  all  purposes.  Slate, 
onyx,  and  marble  are  about  the  only  stones  of  economic  value 
that  are  not  found.  It  is  unnecessary  to  import  building,  mon- 
umental, or  ornamental  stone  when  equally  as  reliable  stone  can 
be  obtained,  at  the  same  cost,  from  quarries  within  the  state. 
It  is  to  the  advantage  of  the  people  of  Wisconsin  to  use  home 
products  wherever  it  is  possible,  for  it  is  through  the  develop- 
ment of  the  natural  resources  that  the  wealth  of  the  state  is  in- 
creased. 
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CHAPTER    VIII. 


DISCUSSION    OF   THE    RESULTS   OF    THE 

PHYSICAL    TESTS. 

Quantitive  results,  as  a  basis  for  estimating  the  durability 
of  a  stone,  can  only  be  obtained  through  a  complete  series  of 
physical  tests.  The  resistance  which  a  stone  offers  to  compres- 
sive stresses,  botli  normal  and  parallel  to  the  bed,  measured  in 
pounds  per  square  inch,  the  transverse  strength  in  terms  of  the 
modulus  of  rupture,  and  the  modulus  or  coeflScient  of  elasticity 
determine  the  strength  of  a  stone.  In  many  cases  the  durability 
of  a  rock  can  be  estimated  from  the  laboratory  examination  only 
when  one  knows  quantitatively  the  specific  gravity,  porosity, 
the  effect  of  extreme  heat,  the  effects  of  alternate  freezing  and 
thaw^ing,  and  the  action  of  carbonic  acid  gas  and  sulphurous  acid 
fumes.  The  methods  employed  in  performing  the  tests  by  which 
the  strength  and  durability  of  the  building  stones,  examined  in 
the  preparation  of  this  report,  were  obtained,  have  been  fully 
described  in  a  previous  chapter,  Part  I.,  Chapter  III.,  pp. 
54-74,  Complete  tabulated  results  of  all  the  experiments 
performed  will  be  found  in  the  latter  part  of  this  chapter. 
The  results  which  are  discussed  in  this  chapter  have  been  re- 
ferred to  in  the  description  of  the  individual  quarries  through- 
out the  body  of  this  report,  and  have  been  compared  in  a  general 
way  with  the  tests  made  on  building  stone  from  other  states. 
For  the  purpose  of  comparison,  tables  have  been  compiled  (See 
Tables  XI.  and  XII.)  wihcli  give  the  results  of  tests  made  oa 
building  stone  from  other  quarries,  in  different  parts  of  the 
United  States. 
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It  has  been  previously  noted  that,  among  the  sedimentary 
rocks,  the  results  of  tests  on  samples  from  different  parts  of  the 
same  quarry  may  be  very  different.  This  difference  is  some- 
times even  more  marked  than  that  which  occurs  between  samples 
from  different  quarries  of  the  same  area.  It  is  possible  to  select 
samples  from  a  quarry  which  will  stand  very  satisfactory  tests, 
while  the  majority  of  the  stone  may  be  of  the  poorest  kind.  The 
most  valuable  results  are  those  which  have  been  computed  for 
samples  which  are  a  fair  average  of  the  stone  of  any  particular 
quarry,  and  it  has  been  the  endeavor,  in  making  the  tests  from 
which  the  following  tables  are  compiled,  to  represent  as  nearly 
as  possible  the  general  run  of  the  No.  1  stone,  as  it  occurs  in  the 
quarry. 

The  results  of  the  tests  recorded  in  some  reports  on  building 
stone  are  of  little  value  on  account  of  the  inaccurate  methods 
employed  in  making  the  tests.  In  computing  the  results  em- 
bodied in  this  report,  an  attempt  has  been  made  to  eliminate 
errors,  as  far  as  possible,  both  in  manipulation  and  computation. 
The  utmost  care  has  been  exercised  in  obtaining  truthful  results, 
and  it  is  believed  that  they  are  nearly  accurate  for  the  samples 
tested. 

CBUSHINO   STBENQTH. 

The  individual  test  which  is  employed  more  than  any  other 
to  determine  the  adaptability  of  a  stone  for  different  uses  is  the 
crushing  strength  test.^  This  test  has  been  relied  upon  almost 
exclusivelv  bv  certain  architects  and  builders  as  a  criterion  of 
the  suitability  of  a  stone  for  all  kinds  of  public  and  private 
buildings.  The  reason  for  this  is  due  mainly  to  the  fact  that 
until  recent  years  few  other  tests  have  been  made.  It  is  very 
unfortunate  that  this  overestimate  of  the  value  of  the  crushing 
strength  test  is  still  so  prevalent,  for  it  should  be  well  known 
that  a  stone  having  a  crushing  strength  of  over  5,000  lbs.  per  sq. 
inch  is  strong  enough  for  any  modem  structure. 

'The  terms  ultimate  strength,  oompressive  strength,  and  crushing 
strength  are  used  interchangeably  in  this  report,  and  refer  to  the  maxi- 
mum load  sustained  by  the  sample  in  question,  unless  otherwise  stated. 
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The  crushing  strength  of  the  more  important   building  and 
ornamental  stones  of  Wisconsin   is  given  in  Table  IL,  at  the 
close  of  this  chapter.     To  be  assured  of  the  reliability  of  these 
tsets,  in  a  number  of  instances  samples  from  the  same  quarry 
were  crushed  in  two  different  Riehle  testing  machines,  one  of 
100,000  lbs.  and  the  other  of  300,000  lbs.,  and  also  in  a  50,000 
lb.  Olsen  machine.     A  comparison  of  these  results  showed  that 
the  three  masehines  correspond  very  closely.       But  in  order  to 
be  certain  that  the  machines  were  re-ading  correctly,  the  100,000 
lb.  machine  of  the  University   of    Wisconsin    was  calibrated, 
with  the  result  given  in  Table  I.       The  calibration  shows  that 
the  machine  reads  up  to  80,000  lbs.,  as  far  as  it  was  calibrated, 
with  a  very  small  error,  not  sufficient  to  be  taken  into  account 
in  the  results.     It  is  thought  that  above  80,000  lbs.  there  is  little 
possibility  of  error  in  the  machine,  and  we  can  very  safely  as- 
sume that  all  readings  are  nearly  correct.     A  large  percentage 
of  the  t^sts  were  made  with  this  machine,  but  the  stronger  sam- 
ples were  crushed  in  the  300,000  lb.  machine  at  Purdue  Univei^ 
sity,  Lafayette,  Ind. 

The  first  part  of  Table  II.  records  the  results  of  the  tests  made 
on  granite  and  rhyolite.  The  second  part  gives  the  results  of 
the  tests  on  limestone  cubes,  and  the  last  part  contains  the  re- 
sults of  the  tests  on  sandstone  cubes.  In  this  table  there 
is  given  the  name  of  the  quarry,  the  location,  the  average  area  of 
the  bearing  faces,  the  weight  at  which  the  first  crack  was  made, 
the  ultimate  strength  of  the  sample,  and  the  ultimate  strength  in 
pounds  per  square  inch.  In  the  column  under  Remarks,  the 
manner  in  which  the  sample  broke  is  recorded.  None  of  the 
granite  samples  were  laminated,  with  the  exception  of  those  from 
Jenk's  Quarry  at  Irma.  The  Berlin  rhyolite  has  a  rift  and  run, 
which  correspond  to  a  lamination.  In  crushing  these  samples 
with  strongly  developed  structures,  note  was  taken  of  their  posi* 
tion  with  reference  to  the  direction  of  pressure. 

Granite  and  Rhyolite. — The  crushing  strength  of  the  granite 
and  rhyolite  quarried  in  Wisconsin  is  very  high,  none  of  the 
tests  falling  below  12,000  lbs.  per  sq.  in.     The  average  crush- 
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ing  strength  of  the  igneous  rocks,  computed  from  the  total 
number  of  tests  made,  is  between  26-27,000  lbs.  per  sq.  in,, 
while  the  maximum  strength  recorded  was  47,674  lbs.  per  sq. 
in.  The  minimum  crushing  strength  is  equal  to  the  maximum 
crushing  strength  obtained  for  the  sandstone,  while  the  maxi- 
mum is  the  highest  yet  recorded  for  any  rock.  This  maximum 
crushing  strength  of  over  47,000  lbs.  per  sq.  in.  was  obtained 
from  a  sample  of  the  Berlin  rhyolite,  on  which  the  pressure  was 
applied  normal  to  the  head.  That  the  crushing  strength  was 
higher  in  this  than  in  either  of  the  other  directions  was  a  matter 
of  some  surprise.  It  has  always  been  supposed  that  the  crushing 
strength  of  a  stone  is  higher  across  the  bed  than  on  the  edge, 
but  apparently  this  is  not  true  in  the  case  of  the  Berlin  rhyolite. 
The  rhyolite  is  a  rock  which  is  apparently  composed  of  flattened 
rods,  forming  what  one  might  consider  a  very  compact  bundle. 
Greater  pressure  can  apparently  be  transmitted  along  these 
bundles  of  fibers,  without  injury,  than  can  be  transmitted 
across  them.^ 

When  one  observes  a  polished  face  of  the  rock,  he  will  notice 
that  the  elongated  feldspar  crystals  are  fractured  across  the  long 
direction.  These  small,  scarcely  perceptible  fractures  may  be 
one  of  the  causes  for  the  greater  readiness  with  which  the  rock 
crushes  normal  to  the  rift  or  run. 

The  Montello  granite  has  a  crushing  strength  of  nearly  44,000 
lbs,  per  sq.  in.,  which,  so  far  as  my  knowledge  goes,  is  the 
highest  crushing  strength  that  has  been  recorded  for  any  granite. 
It  exceeds  the  highest  test  on  the  Fourche  Mountain  granite^  of 
Arkansas  by  nearly  15,000  lbs.,  while  the  highest  test  of  the 
granite  from  St.  Cloud,  Minnesota,  is  less  by  about  16,000  lbs. 

>  An  elaborate  macroecopic  and  microscopic  deecription  of  this  rhjolite 
bj  Samuel  Weidman,  is  to  be  found  in  Bulletin  No.  3,  of  the  Wis.  Geol.  k 
Nat  Hist.  Survey. 

3  Comparison  is  made  with  the  Fourche  Mountain  granite  in  view  of  the 
fact  that  J.  Francis  Williams,  in  his  report  on  the  Igneous  Bocks  of  Ar- 
kansas, considers  that  rock  *'  to  be  considerablj  stronger  than  any  true 
granite  yet  tested.  '*  See  Ann.  Rept  Arkansas  GeoL  Sunrey,  1890,  VoL  II. 
p.  42. 
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per  sq.  in.  The  granite  from  Waushara  county,  Wisconsiu, 
gave  a  crushing  strength  test  of  over  36,000  lbs.  per  sq.  in., 
which  exceeds  the  highest  test  made  on  the  Fourche  Mountain 
granite  by  7,000  lbs.  per  sq.  in.  Thus  it  is  seen  that,  from  at 
least  three  different  areas  in  Wisconsin,  granite  and  rhyolite 
can  be  procured,  which  have  a  crushing  strength  which,  as  far  as 
known,  exceeds  the  highest  results  that  have  yet  been  obtained 
upon  granite  from  any  other  quarry  in  the  United  States. 

The  rhyolite  quarried  at  Berlin  is  probably  one  of  the  strong- 
est rocks  in  the  world,  irrespective  of  the  direction  in  which  tiie 
pressure  is  applied.  It  is  so  strong  that  it  could  be  placed  with 
safety  at  the  base  of  a  monument  thirteen  times  the  height  of  the 
Washington  Monument,  if  a  factor  of  ten  is  sufficient  for  safety 
Where  a  single  column  or  block  is  required  to  support  a  heavy 
mass  of  superstructure,  there  is  no  stone  better  fitted  than  this, 
or  the  Montello  or  Waushara  granite.  The  Montello  and 
Waushara  granites  are  almost  equally  as  strong  as  the  Berlin 
rhyolite,  and  there  has  been  no  structure  yet  built  into  which 
either  could  not  have  been  placed  with  perfect  safety. 

The  granite  from  Amberg,  Wisconsin,  either  the  Athelstane 
or  the  Pike  River  gray,  is  above  the  average  in  crushing 
strength.  The  Wausau  granite  has  a  maximiun  crushing 
strength  of  over  27,000  lbs.  per  sq.  in.  corresponding  very  nearly 
in  strength  with  that  from  St.  Cloud,  Minnesota.  The  granites 
from  Irma,  Granite  City,  and  High  Bridge,  all  gave  maximum 
crushing  strength  tests  of  over  20,000  lbs.  per  sq.  in. 

As  has  been  previously  indicated,  a  number  of  the  samples 
tested,  were  poorly  prepared.  Owing  to  this  circumstance,  when 
placed  under  pressure,  they  broke  off  or  scaled  off  on  the  sides  or 
comers  before  the  ultimate  strength  was  reached.  Wherever 
this  occurred,  the  area  of  the  bearing  faces  was  proportionately 
decreased,  and  the  actual  crushing  strength  is  considerably 
above  that  recorded  in  the  tables.  Most  of  the  granite  samples 
broke  with  an  explosion,  which  generally  powdered  all  but  the 
upper  pyramid.  In  a  few  cases  the  lower  pyramid  remained  in- 
tact, but,  as  a  rule,  it  was  almost,  if  not  quite  destroyed.     In  the 
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-case  of  the  granite,  the  so-called  pyramids  are  not  literally  pyr- 
amids, but  rather  cones,  in  which  a  concentric  structure,  resemb- 
ling cleavage,  has  been  developed.  The  shape  of  the  cones  is 
nicely  illustrated  in  the  Plates  L.  and  LI.  The  rhyolite  sam- 
ple, which  gave  the  record  test,  was  completely  powdered,  with 
the  exception  of  the  small  cone  which  is  shown  in  Plate  LIV,, 
Fig.  5. 

Limestone, — The  second  part  of  Table  II.  is  a  record  of  the 
ultimate  strength  and  crushing  strength  in  lbs.  per  sq.  in.  of 
samples  from  the  important  limestone  quarries  in  Wisconsin. 
By  glancing  down  the  column  in  which  the  crushing  strength 
in  lbs.  per  sq.  in.  is  recorded,  it  is  observed  that  not  only  does 
Wisconsin  have  exceedingly  strong  granite  and  rhyolite  but  she 
also  has  dolomitic  limestone  which  surpasses  in  strength  any 
known  limestone,  dolomite,  or  marble  in  the  United  States. 
The  samples  of  limestone  which  gave  the  highest  crushing 
strength  tests  were  obtained  from  the  Marblehead  Lime  and 
Stone  Co.'s  quarry.  Two  samples  were  tested  from  this  quarry 
one  of  which  gave  a  result  of  42,787  lbs.  per  sq.  in.  on  bed,  which 
is  nearly  18,000  lbs.  higher  than  fiuy  known  tests  recorded  for 
limestone,  dolomite,  or  marble  in  the  United  States.  The  other 
sample  gave  a  result  of  40,453  lbs.  per  sq.  in.  on  edge,  which  i« 
only  about  2,000  lbs.  less  than  the  crushing  strength  of  the  sam- 
ple tested  on  the  bed.  But  the  limestone  from  this  quarry  is 
not  the  only  one  which  is  remarkable  for  its  compressive 
strength.  The  samples  from  the  Laurie  Stone  Co.'s  quarry,  at 
Sturgeon  Bay,  gave  a  crushing  strength  of  nearly  40,000  lbs. 
per  sq.  in.  on  edge,  and  31,957  lbs.  per  sq.  in.  on  l)ed.  The  sam- 
ples from  Lee  Bros.'  quarry  at  Genesee  gave  a  maximum  crush- 
ing strength  of  36,700  lbs.  per  sq.  in.  on  l>ed.  Those  from  the 
Washington  Stone  Co.'s  quarry  at  Sturgeon  Bay  gave  a  maxi- 
mum crushing  strength  of  31,800  lbs.  per  sq.  in.  on  bed ;  the 
stone  from  Bauer's  quarry  at  Knowles  tested  over  32,000  lbs, 
per  sq.  in.  on  edge ;  and  that  from  the  Menominee  Falls  quarry, 
at  Lannon,  has  a  maximum  crushing  strength  of  over  33,400  lbs. 
per  sq.  in.     Among  the  other   limestones  which  tested  20,000 
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lbs.  per  sq.  in.,  or  over,  may  be  mentioned  those  from  the  Gill^:^ 
Stone  Co/s  quarry  at  Duck  Creek,  and  the  Wauwatosa  quar- 
ries, near  Milwaukee.  The  stone  from  the  Waukesha  Stone 
Co.'s  quarry  should  probably  be  included  here,  but  failure  to 
send  to  the  Survey  the  material  for  the  tests  accounts  for  the 
stone  not  having  been  tested. 

It  is  not  one  of  the  necessary  requisites  of  building  stone  that 
it  should  have  such  an  enormous  crushing  strength,  but  it  is  in- 
teresting to  know  that  Wisconsin  is  provided  with  stone  whicl^ 
will  withstand  exceptional  compressive  stresses,  and  is  suited  for 
uses  where  exceptional  strength  is  demanded. 

The  lowest  crushing  strength  test  obtained  for  limestone  was- 
a  little  over  6,600  lbs.  per  sq.  in.,  which  is  exceeded  by  but  few^ 
sandstones  from  this  or  adjacent  states.  The  maximum  test 
obtained  on  samples  from  this  same  quarry  was  over  10,000 
lbs.  per  sq.  in.  The  enormous  crushing  strength  of  the  stone 
from  Sturgeon  Bay,  Marblehead,  and  Genesee  is  evidence  that 
the  Niagara  limestone  is  especially  well  adapted  for  use  not  only 
in  heavy  buildings,  but  also  in  the  construction  of  piers,  break- 
waters, and  roads. 

The  samples  of  limestone  generally  broke  more  quietly  thsjh 
the  granite.  Occasionally  they  would  scale  off  along  the  edges- 
and  comers  before  the  maximum  load  was  applied.  Sometimes^ 
two  fairly  well  developed  pyramids  remained,  but,  as  a  rule,  in 
the  more  carefully  prepared  samples  only  the  upper  one  was  to* 
any  extent  perfect.  The  pyramids  which  remained  were  ordi- 
narily much  steeper  and  more  slender  than  those  of  the  granite,, 
and  occasionally  they  developed  into  wedge-like  forms,  resem- 
bling somewhat  the  wedge-shaped  pyramids  of  the  granite^ 
Often  the  sample  was  much  splintered,  even  the  pyramid  f alling^ 
in  pieces  when  raised  from  the  steel  plate.  The  cone  which  re- 
mained after  the  record  sample  of  limestone  was  crushed  la 
shown  in  Plate  LIV.,  Fig.  6.  Other  pyramids  are  shown  in 
the  same  plate,  and  in  Plates  LII.  and  LIII. 

Sandstone. — In  the  third  part  of  Table  No.  II.  is  recorded  the 
results  of  the  crushing  strength  tests  on  two  inch  cubes  of  sand- 
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■Stone.  The  samples  which  were  tested  are  mainly  fr«m  the 
brownstone  quarries  of  the  Lake  Superior  region,  although  tests 
of  the  Southern  Potsdam  and  the  St.  Peters  sandstone  will  also 
lye  found  in  the  table.  None  of  the  results  can  be  considered 
'especially  high,  although  many  of  them  compare  favorably  with 
tests  made  on  stone  from  quarries  in  other  states.  The  sand- 
stone from  the  C.  &  N.  W.  Ry.  Co.'s  quarry  at  Ablemans  tested 
13,669  lbs.  per  sq.  in.,  which  is  the  maximum  compressive 
strength  for  sandstone  from  this  state.  The  other  tests  range  all 
the  way  irom  this  down  to  2,000  lbs.  per  sq.  in.,  and  in  several 
instances,  where  the  samples  have  been  unsatisfactorily  pre- 
pared, the  results  are  even  lower.  The  results  of  tests  on  the 
Lake  Superior  brownstone  show  that  it  is  considerably  stronger 
on  the  bed  than  on  the  edge.  This  observation  may  also  be  made 
with  reference  to  the  white  and  brown  sandstone  from  other 
parts  of  the  Potsdam  and  from  the  St.  Peters  formation. 

The  average  compressive  strength  of  the  Lake  Superior 
brownstone  is  somewhat  higher  than  that  recorded  for  the  Bed- 
ford limestone  of  Indiana,  as  given  on  page  317  of  the  21st  An- 
nual Report  of  the  Indiana  Department  of  Geology  and  Natural 
Resources.  The  average  crushing  strength  of  seventeen  cubical 
specimens  of  Bedford  limestone  is  here  given  as  4,326.7  lbs.  per 
flq.  in.  The  average  of  twenty  tests  of  Lake  Superior  brown- 
stone,  half  of  which  were  made  on  edge  and  the  other  half  on 
bed,  was  4,816  lbs.  per  sq.  in.  As  near  as  can  be  ascertained 
from  the  tests  that  are  scattered  through  the  various  reports,  this 
strength  is  equal  to,  or  above  that  of  the  red  sandstone  from 
northern  Michigan.  I  have  been  unable  to  find  any  series  of 
•crushing  strength  tests  of  the  Connecticut  brownstone  which 
would  warrant  making  comparisons,  but  it  is  believed  that  the 
Lake  Superior  sandstone  is  equally  as  strong  as  the  eastern 
brownstone. 

The  softer  the  sandstone,  and  the  more  rounded  and  uniform 
the  grains,  apparently  the  more  perfect  are  the  pyramids.  In 
the  stronger  samples  the  ordinary   pyramidal  result  gives  way 
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partly  to  the  conical.  An  occasional  wedge-shaped  piece  re- 
suleted  from  the  breaking,  but  this  form  is  not  so  common  as  m 
the  granite  and  limestone  samples. 

General  Considerations. — In  general,  the   crushing  strength 
of  the  stone  from  the  different  quarries  in  Wisconsin,  when  com- 
pared with  the  results  obtained  for  other  building  stones  in  the 
United  States,  CSee  Table  XII.),  shows  some  surprising  results. 
We  learn,  here,  for  the  first  time,  that  the  granite,  rhyolite,  and 
limestone  are  in  several  instances   unsurpassed  in  strength  by 
any  known  stone,  similar  in  kind,  in  the  United  States.     Our 
attention  has  also  been  called  to  the  fact  that  the  difference  be- 
tween the  crushing  strength  on  bed  and  on  edge,  in  the  weaker 
rocks,  is  considerably  greater  proportionally  than  it  is  in  rocka 
which  are  very  strong.      The   highest  compressive  strength  of 
samples  from  the  same   limestone   quarry,  was    in  several  in- 
stances obtained   from  cubes   placed   on   edge.     Attention  has 
been  called  to  the  fact  that   the   Berlin  rhyolite,  the  strongest 
stone  tested,  has  the  greatest  strength  when  pressure  is  applied 
in  the  direction  of  the  rift.     These  examples  indicate  that  there^ 
are  exceptions  to  the  general  rule  that  the  greatest  compressive 
strength  is  obtained  when  pressure  is  applied  normal  to  bedding. 
It  appears  that  this  rule  holds  good  for  stone  with  a  low  compres- 
sive strength,  but  when  the  compressive  strength  is  very  high, 
the  reverse  is  fully  as  likely  to  occur.     It  may  even  prove  the 
rule. 

The  manner  in  which  the  stone  breaks  also  indicates  to  a 
greater  or  less  degree  the  strength  of  the  stone.  Crushing  a 
stone  which  has  a  compressive  strength  of  less  than  10,000  Ib^ 
per  sq.  in.  usually  results  in  two  quite  well  defined  pyramids. 
A  stone  which  has  a  compressive  strength  of  between  10,000 
and  20,000  lbs.  per  sq.  in.  seldom  results  in  pyramids  as  perfect 
as  those  which  result  from  crushing  cubes  of  less  strength.  In 
this  stronger  class  of  stones  the  pyramids  are  often  wedge- 
shaped,  but  are  more  generally  intermediate  between  a  pyramid 
and  a  cone.     Crushing  samples  having  a  compressive  strength 
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of  over  20,000  lbs,  per  sq.  in.  generally  results  in  only  one  pyr- 
amid, with  more  of  a  conical  than  pyramidal  outline.  When  a 
stone  reaches  a  crushing  strength  of  over  30,000  lbs.  per  sq.  in., 
the  breaking  results  in  the  production  of  a  single  small  upper 
cone.  There  is  developed  in  the  granite,  and  in  some  of  the 
sandstones  and  limestones,  a  parting  structure,  similar  to  that 
which  occurs  in  the  granite  samples  illustrated  in  Plate  LL 
This  concentric  structure  is  also  nicely  showTi  in  Plate  LII. 

It  should  be  noted  that  the  conical  and  not  the  pyramidal 
shape  is  the  natural  one.  The  reason  for  obtaining  pyramids  in 
crushing  the  weaker  rocks  is  due  to  the  control  exerted  by  the 
square  faces  of  the  cube. 


Tablk. — Showing   the  difference  in  crushing  strength  through  inter- 
rupted pressure. 


Namb  of  Quabbt. 


Pike  RWer  Granite  Co.  . . . 

NewHUlO'Fair 

Milwaukee  Monument  Co 

Leuthold  Quarry  — , 

Washinirton  Stone  Co 

Gillen  Stone  Co 

Oillen  Stone  Co 


Cbusbino  Strength. 

100,000  lb. 
machine. 

300. 000  lb. 
machine. 

25.000 

27.887 

25,000 

27.262 

25,000 

3}<.063 

25.000 

20,875 

27,855 

29,526 

25,000 

20.308 

24,783 

14.869 

Remarks. 


Most  of  these  samikles  were 
chipped  when  plaoed  in 
the  second  machine. 


No  data  are  thus  far  available  from  which  one  can  glean  any 
knowledge  of  the  effect  of  long  continued  pressure  below  the 
point  of  rupture  on  the  strength  of  the  rock.  Neither  have  data 
been  obtained  indicating  the  effect  of  intermittent  stresses  on  the 
rupturing  of  rocks.  In  making  the  compressive  strength  tests 
in  the  preparation  of  this  report,  a  number  of  samples  were 
placed  in  the  100,000  lb.  Riehle  testing  machine,  which  could 
not  be  crushed.      These  samples  were  removed,  and  afterwards 
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crushed  in  a  300,000  machine,  with  the  results  indicated  in  the 
accompanying  table.  The  apparent  loss  in  strength  in  some  of 
the  samples  cannot  be  entirely  attributed  to  the  intermittent 
character  of  the  pressure.  It  is  probably  due,  to  some  extent,  to 
the  fact  that  the  samples  were  chipped  at  the  comers  and  edges 
when  in  the  first  machine.  These  and  other  causes  incident 
upon  a  change  of  machines  may  partially  account  for  the  losses, 
but,  nevertheless,  the  results  would  seem  to  indicate  that  an 
actual  decrease  in  strength  is  occasioned  by  continued  or  inter- 
mittent pressure  below  the  ultimate  strength.  Further  experi- 
ments along  this  line  are  needed. 


TKAJTSVEBSE    STBENQTH. 

The  strength  test  which  is  next  in  importance  to  a  knowledge 
of  the  compressive  strength  of  a  stone,  is  the  transverse  strength. 
The  transverse  strength  is  indicated  by  the  modulus  of  rupture, 
which  is  determined  after  the  method  described  on  p.  62. 

The  transverse  strength  is  valuable  in  estimating  the  thick- 
ness required  of  stone  when  supported  only  at  the  ends,  as  in  the 
case  of  lintels,  sidewalks,  cover  stones  for  culverts,  etc.  Some 
stones  in  these  positions  will  support  a  much  greater  load  than 
others,  and  the  only  way  to  ascertain  the  capacity  of  different 
stones  to  support  loads  when  in  these  positions  is  to  determine 
experimentally  the  modulus  of  rupture. 

Granite. — The  modulus  of  rupture  of  only  two  granites 
was  determined  in  the  preparation  of  this  report.  (See  Table 
III.)  Each  of  these  gave  a  result  of  over  2,300  lbs.  per  sq.  in. 
The  modulus  of  rupture  of  the  Wausau  granite  averaged  about 
2,400  lbs.  per  sq.  inch,  while  that  from  Montello  averaged  about 
3,780  lbs.  per  sq.  in.  The  samples  broke  suddenly,  and  the 
fracture  extended  diagonally  across  the  center  of  the  piece. 
There  is  nv»  doubt  but  that  the  modulus  of  rupture  of  most  of  the 
granites  of  this  state  will  either  equal  or  exceed  the  results  ob- 
tained in  these  tests. 
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Limestone, — The  limestone  was  more  generally  tested  than 
the  granite,  and  gave  results  ranging  from  1,164  to  4.659  lbs. 
per  sq.  in.  The  latter  result  was  obtained  from  samples  of 
stone  from  the  Laurie  Stone  Co.'s  quarry  at  Sturgeon  Bay. 
This  result  is  very  high,  being  greater  than  that  obtained  for 
either  of  the  granites.  Tests  made  on  samples  from  the  Marble- 
head  Lime  and  Stone  Co.'s  quarry  gave  a  modulus  of  rupture 
of  3,632  lbs.  per  sq.  in.  All  these  samples  broke  very  close  to 
the  center,  and  much  quieter  than  the  granite. 

Sandstone, — The  transverse  strength  of  the  sandstone  is  very 
much  lower  than  that  of  either  of  the  two  preceding  kinds  of 
rock.  The  maximum  modulus  of  rupture  was  obtained  from 
samples  of  the  stone  from  the  C.  &  K".  W.  Ry.  Co.'s  quarry  at 
Ablemans.  One  of  these  tests  gave  a  modulus  of  rupture  of 
1,324  lbs.  per  sq.  in.,  which  is  above  the  average  result  for  sand* 
stone  of  this  character.  The  tests  made  on  samples  of  sandstone 
from  the  Lake  Superior  region  gave  a  much  lower  modulus  of 
rupture.  Eight  tests  gave  an  average  result  of  about  500  lbs. 
per  sq.  in.  This  is  somewhat  less  than  is  required  for  a  stone 
used  as  caps  or  sills  in  heavy  buildings,  but  is  thought  to  be  suf- 
ficient for  all  ordinary  construction  provided  stone  of  consider- 
able thickness  be  used.  The  necessity  for  using  a  stone  with  a 
high  modulus  of  rupture  is  now  often  avoided  by  arching  the 
doors  and  windows.  All  stone  having  the  characteristics  of  the 
Lake  Superior  brownstone  possesses  a  less  transverse  strength 
than  the  more  compact  and  harder  rocks,  such  as  the  Niagara 
limestone. 

MODULUS   OF    ELASTICITY. 

The  modulus  of  elasticity  has  been  obtained  for  but  few  of  the 
building  stones  in  the  United  States.  Many  of  the  state  reports 
have  entirely  omitted  this  from  their  series  of  tests. 

A  knowledge  of  the  modulus  of  elasticity  is  valuable  to  archi- 
tects and  builders  in  calculating  the  effect  of  loading  a  masonry 
arch,  or  proportioning  abutments  and  piers  of  railroad  bridges, 
subject  to  shock,  etc. 

In  obtaining  the  compressive  strength  of  the  different  samples 
24 
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tested  in  the  preparation  of  this  report,  the  oompression  was 
obtained  for  increments  of  from  500-1,000  lbs.  pressure.  These 
results  were  recorded,  and  from  them  the  modulus  of  elasticitr 
was  computed  as  explained  on  p.  63.     In  obtaining  the  compresr 
sive  strength,  thin  sheets  of  blotting  paper  were  placed  between 
the  bearing  faces  of  the  cube  and  the  steel  plates,  for  the  purpose 
of  distributing  the  load  evenly.     It  is  quite  evident  that  the  use 
of  the  blotting  paper  vitiated  to  a  greater  or  less  d^ree  the  com- 
pression results  obtained.    Specifically,  this  is  due  to  the  greater 
compressibility  of  the  blotting  paper  over  the  stone.       In  order 
to  compensate  for  the  blotting  paper,  no  readings  were  taken 
until  the  total  load  was  above  1,000  lbs.     This  naturally  elimi- 
nated to  some  extent  the  total  error,  although  it  is  thought  that 
the  results  are  still  considerably   lower   than  they  would  have 
been  had  the  bearing  faces  of  the  samples  been  placed  in  direct 
contact  with  the  steel  plates. 

Oranite. — In  the  case  of  the  granites,  the  results  range  all  the 
way  from  150,000  to  2,000,000  lbs.  per  sq.  in.  (See  Table 
IV.)  The  latter  result  is  very  high,  while  the  former  is  com- 
paratively low.  The  granite  from  Wausau  gave  a  quite  uni- 
form result  of  about  1,000,000  to  1,500,000  lbs.  per  sq.  in.  The 
Athelstane  granite  approximated  very  close  to  1,000,000  lbs.  per 
sq.  in.,  in  one  instance  exceeding  that  figure,  and  in  two  others 
falling  a  few  thousand  pounds  short.  The  Pike  River  gray 
granite  has  a  modulus  of  elasticity  of  about  1,500,000.  The 
Waushara  granite  tested  about  600,000,  while  that  from  Irma 
and  High  Bridge,  each  averaged  about  500,000  lbs.  per  sq.  in. 

Limestone. — The  modulus  of  elasticity  ranged  all  the  way 
from  1,835,000  to  31,500  lbs.  per  sq.  in.  The  limestone  from 
Sturgeon  Bay  gave  a  result  of  about  700,000,  while  the  result 
of  the  tepts  on  the  Duck  Creek  limestone  was  about  462,000  lbs. 
per  sq.  in.  The  stone  from  the  Waukesha  Stone  Co.^s  quarry, 
tested  by  Fuldner  and  McDonald,  gave  an  average  of  about 
1,250,000  lbs.  per  sq.  in. 

Sandstone. — The  modulus  of  elasticity  of  the  sandstone  is 
very  much  lower  than  tliat   of  either  the  granite  or  limestone. 
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The  highest  result  was  obtained  from  samples  of  the  white 
sandstone  from  the  C.  &  N.  W.  Ry.  Co/s  quarry  at  Ablemans, 
which  tested  400,800.  The  samples  from  the  other  quarries 
range  from  this  down  as  low  as  32,000.  The  modulus  of  elas- 
ticity of  the  Lake  Superior  brownstone  ranges  all  the  way  from 
56,000  to  387,900  lbs.  per  sq.  in. 

It  will  be  observed  that  in  a  general  way  the  modulus  of  elas- 
ticity corresponds  with  both  the  crushing  and  the  transverse 
strength  of  the  various  rocks.  We  have  seen  that  both  the 
crushing  and  transverse  strength  were  lowest  for  sandstone,  and, 
similarly,  the  sandstone  has  the  lowest  modulus  of  elasticity.  On 
th  other  hand,  it  has  been  pointed  out  that  the  crushing  and 
transverse  strength  are  very  high  for  the  granites  and  lime- 
stones, all  of  which  give  correspondingly  high  results  for  the 
modulus  of  elasticity. 

SPECIFIC       GRAVITY,       POBOSITY,       RATIO       OF      ABSORP- 
TION,   AND    WEIGHT    PER    CUBIC    FOOT. 

The  results  of  these  tests  are  all  largely  interdependent.  A 
relatively  high  specific  gravity  will  naturally  increase  the  weight 
of  the  rock  per  cubic  foot,  while  a  high  percentage  of  pore  space 
will  accordingly  decrease  the  weight.  The  percentage  of  pore 
space  and  the  ratio  of  absorption  are  both  dependent  upon  the 
amount  of  water  whirli  the  rock  will  absorb. 

Specific  Gravity. 

By  referring  to  Table  V.,  in  which  these  results  have  been 
tabulated,  one  will  notice  that  the  specific  gravity  of  the 
granite  from  the  different  quarries  is  very  nearly  the  same. 
This  is  true  of  the  series  of  limcvstone  and  sandstone  samples, 
in  each  of  which  the  specific  gravity  is  nearly  the  same.  For 
example,  the  average  specific  gravity  of  the  granite  is  2.655^ 
The  minimum  is  2.G29,  and  the  maximum  is  2.713.  The  aver- 
age specific  gravity  of  the  limestone  is  2.808,  the  minimum  is 
2.740  and  the  maximum  is  2.856.  The  sandstones  have  an 
average  specific  gravity  of  about  2.631,  with  a  minimum  of 
2.524  and  a  maximum  of  2.660.     It  will  be  observed  that  the 


372  T^^    BUILDiyO    !STOXES    OF    WISCONSIN. 

iron,  which  is  the  cause  of  the  color  of  the  brownstone  of  the 
Lake  Superior  region,  is  not  present  in  sufficiently  large  quan- 
tities to  increase  perceptibly  the  specific  gravity.  The  specific 
gravity  of  the  Lake  Superior  brownstone  does  not  exceed  very 
greatly  the  sandstone  of  the  Southern  Potsdam  area,  in  which 
the  percentage  of  iron  is  apparently  very  much  less.  The  spe- 
cific gravity  of  the  granite  is  largely  influenced  by  the  percent- 
age of  ferro-magnesian  minerals  present,  as  exemplified  in  the 
case  of  the  Athelstane  granite  from  Amberg,  which  has  the  max- 
imum specific  gravity  of  all  the  granites  tested. 

An  admixture  of  siliceous  material  apparently  decreases  the 
specific  gravity  of  limestone.  The  highest  specific  gravity  is 
obtained  from  the  most  compact  and  finely  crystalline  dolomite. 
In  this  connection,  it  is  interesting  to  note  that  the  stone  from 
the  Marblehead  Lime  and  Stone  Co.'s  quarry  has  the  highest 
specific  gravity  of  any  sample  tested  in  the  preparation  of  this 
report.  This  immediately  suggests  that  there  may  be  some  re- 
lation between  the  specific  gravity  of  a  rock  and  its  crushing 
strength.  However,  this  is  only  a  coincidence,  because  only 
with  reference  to  stones  with  like  chemical  composition,  such  as 
limestone  and  dolomite,  could  this  possibly  be  true.  Between 
granites,  this  relation  does  not  hold,  for  it  is  shown  in  the  table 
that  granite  having  a  high  specific  gravity  often  has  only  a  me- 
dium crushing  strength.  The  crushing  strength  is  dependent 
upon  other  factors,  such  as  fineness  and  compactness  of  the  indi- 
vidual grains,  and,  as  a  rule,  has  no  correspondence  with  the 
specific  gravity.  Likewise,  there  is  apparently  little,  if  any  re- 
lation between  the  specific  gravity  and  the  porosity  or  ratio  of 
absorption  of  a  rock. 

Porosity  and  Batio  of  Absorption. 

On  previous  pages  of  this  report,  (See  pp.  G8~69)  a  distinc- 
tion has  been  made  between  porosity  and  ratio  of  absorption. 
Porosity  has  been  defined  as  the  percentage  of  actual  pore  space 
in  a  rock,  while  the  ratio  of  absorption  has  been  taken  as  the 
percentage  of  the  weight  of  tlie   absorbed  water  to  the  average 
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weight  of  the  dry  sample.  A  glance  at  Table  V.  indicates  that 
there  is  no  definite  relation  between  the  porosity  and  the  ratio  of 
absorption,  although,  in  a  general  way,  it  may  be  said  that  the 
porosity  is  a  little  more  than  twice  the  ratio  of  absorption.  The 
fluctuation  in  the  ratio  between  the  two  depends  largely  upon 
the  specific  gravity  of  the  different  rocks.  Very  few  of  the 
samples  from  quarries  within  this  state  have  a  ratio  of  absorp- 
tion; exceeding  lO^if.  The  ratio  of  absorption  of  the  brownstones 
of  the  Lake  Superior  region  ranges  all  the  way  from  4:^^  to  llji. 

It  has  been  customary  to  look  with  suspicion  upon  a  rock 
which  absorbs  more  than  one-tenth  of  its  weight  of  water.  But 
it  has  been  previously  sho^^^l,  (pp.  20-23),  that  the  danger  from 
freezing  and  thawing  is  not  so  much  dependent  upon  the  per- 
centage of  water  absorbed  as  upon  the  size  of  the  pores  in  a 
rock.  A  rock  may  have  a  ratio  of  absorption  of  16^  or  even 
18j^  and  yet  never  be  in  danger  of  freezing,  on  account  of  the 
rapidity  with  which  it  gives  off  its  included  water.  The  amount 
of  water  which  a  rock  will  absorb  has  very  little  relation  to  the 
liability  of  injury  from  freezing  and  thawing,  in  the  case  of 
building  stone.  Thus,  none  of  tho  pores  of  the  bro^vnstone 
from  the  Lake  Superior  region  are  minute  enough  to  retain  the 
water  which  mav  collect  in  them,  siifficiontly  Ion":  to  allow  f  reez- 
ing  and  thawing  to  injure  them  materially. 

It  is  on  accoimt  of  the  large  size  of  the  pores,  through  which 
the  water  is  given  off  with  reasonable  rapidity,  that  we  can  cite 
numerous  instances  of  where  the  browiijitone  has  been  quarried 
and  laid  in  walls  during  the  cold  winter  months  without  injury. 
On  the  other  hand,  J.  P.  Merrill,  in  tho  report  on  building 
stones  in  tho  10th  census,  refers  especially  to  marble  and  lime- 
stone, which  have  a  low  porosity,  as  being  susceptible  to  injury 
by  hard  freezing  immediately  after  being  quarried. 

In  no  printed  report  have  I  yet  been  able  to  find  laboratory  de- 
terminations of  the  actual  pore  space  of  the  building  stone 
tested.  It  appears  that  tho  determination  of  the  pore  space  or 
porosity  is  far  more  important  than  the  ratio  of  absorption,  and 
ought  to  replace  it  among  the  physical  tests  of  building  stones* 
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The  ratio  of  absorption  means  nothing  with  respect  to  the  char- 
acter of  the  rock  itself,  and  does  not  give  one  an  accurate  idea 
of  the  proportion  of  the  rock  which  is  pore  space. 

It  will  be  observed  by  referring  to  Table  V.  that  the  actual 
porosity  of  one  of  the  sandstones  tested  reaches  as  high  as 
28.28^,  which  is  near  the  theoretical  maximnni  limit  of  pore 
space.  From  this  high  percentage  they  range  all  the  way  down 
to  4.81j^.  A  larger  part  of  the  brownstone  has  a  porosity  of 
19-20;^. 

Limestone  is  much  more  compact  than  sandstone,  and  there- 
fore the  porosity  and  ratio  of  absorption  are  very  much  less. 
Among  the  limestones,  those  that  are  arenaceous  have  the  Inv- 
est porosity,  reaching  in  one  instance  13.36;^.  In  this  sample, 
the  ratio  of  absorption  is  only  5.60;^,  which  is  well  under  the 
lOj^  limit  The  porosity  of  the  limestones  ranges  from  this 
down  as  low  as  .14  of  1^.  We  note  in  this  connection  that  the 
stone  from  the  Marblehead  Lime  and  Stone  Co.'s  quarry  con- 
tains about  .71  of  1^  pore  space,  being  one  of  the  three  lime- 
stones showing  less  than  1^  pore  spaca 

None  of  the  granites  have  a  porosity  which  exceeds  one  per 
cent  Most  of  the  samples  tested  had  a  porosity  of  about  .45  of 
1^,  which  indicates  the  exceeding  compactness  of  the  grains, 
and  the  minute  character  of  the  pore  spaces.  Owing  to  the 
interlocking  character  of  the  grains,  the  pores  of  the  granite  are 
much  smaller  than  those  of  arenaceous  limestone,  and  the  water 
is,  therefore,  retained  with  correspondingly  greater  tenacity. 

The  walls  of  a  building  constructed  out  of  sandstone  seldom 
become  thoroughly  saturated  with  water,  although  they  may  be 
wetted  by  the  water  of  imbibition  which  adheres  as  a  film  to  the 
individual  grains  and  is  thus  conducted  through  the  body  of  the 
wall.  It  appears  that  a  rock  with  pores  of  capillary  size  cannot 
be  completely  saturated  with  water  to  any  considerable  distance 
above  the  water  line,  until  the  entire  mass  of  stone  contains  its 
full  amount  of  water  of  imbibition.  If  a  stone  mth  capillary 
pores  is  saturated  at  one  point  with  water  and  the  supply  dis- 
continued, it  remains  so  only  for  a  very  short  time,  owing  to  the 
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fact  that  the  water  is  not  only  given  off  at  the  surface  and  at  the 
base  of  the  wall,  but  through  capillarity  is  quickly  distributed 
through  the  entire  mass.  When  the  water  of  imbibition  freezes 
in  a  stone,  in  which  the  pores  are  of  capillary  size,  it  can  occa- 
sion no  injury  to  the  stone. 

Kocks  which  are  exceedingly  well  compacted  without  respect 
to  the  size  of  the  grains  not  only  have  a  small  percentage  of  pore 
space,  but  also  have  pores  of  very  small  size.  Many  of  the 
pores  in  the  granites  and  some  of  the  limestones  are  certainly 
of  not  more  than  sub-capillary  size.  The  pores  in  rocks  of  this 
character,  when  containing  water,  must  be,  theoretically,  filled. 
It  is  more  difficult  for  the  water  to  penetrate  a  rock  in  which  the 
pores  are  of  this  size,  but  when  once  it  has  made  an  entrance,  it 
is  vastly  more  difficult  to  expel  it.  Continued  rains  will  fill  a 
great  many  of  the  sub-capillary  pores  of  a  rock  along  the  ex- 
posed surface,  although  the  water  may  never  penetratg  through 
the  block.  And  it  must  be  remembered  that  the  greatest  dam- 
age is  done  when  the  water  freezes  in  pores  that  are  filled.  If 
they  are  near  the  exposed  surface,  the  danger  from  injury  will 
be  much  increased.  It  is  not  nccessarv  that  all  parts  of  a  stone 
with  subcapillary  pores  be  saturated  in  order  to  suffer  harm 
from  freezing.  If  the  water  penetrates  the  rock  for  one  or  two 
inches  below  the  surface,  this  will  ])r()bably  be  sufficient  to  oc- 
casion the  maximum  limit  of  injury.  If  freezing  should  im- 
mediately follow  precipitation,  it  is  hardly  probable  that,  in  a 
stone  with  capillary  pores,  it  would  reach  that  depth  before  the 
capillary  water  had  been  dissipated  and  the  stone  placed  out  of 
danger. 

From  the  above  it  can  be  ])lainly  seen  that  a  wall  built  of 
granite  or  other  stone,  in  which  the  porosity  may  be  very  low, 
but  the  pores  of  subcapillary  size,  is  in  as  great,  or  greater,  dan- 
ger from  alternate  freezing  and  thawing  as  a  wall  built  of  sand- 
stone or  other  rock  having  a  porosity  of  10  or  even  15ji,  but  in 
which  the  pores  are  of  capillary  size.  In  the  case  of  monu- 
ments, there  is  greater  possibility  of  sandstone  becoming  satu- 
rated than  when  used  in  any  other  position  above  ground,  but 
even  here  the  liability  of  danger  from  freezing  is  small. 
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It  must  be  understood  that  the  above  discussion  does  not  apply 
to  shaly  sandstone,  or  other  laminated  stone,  between  the  layers 
of  which  water  may  collect  more  rapidly  than  it  can  be  carried 
off  through  the  pores.  Water  thus  collected  does  great  damage 
to  a  stone  bv  freezing.  Such  water  cannot  be  considered  under 
the  head  of  water  contained  in  the  pores,  and  yet  it  may  be 
pointed  to  as  the  main  cause  of  the  shaling  of  many  of  the  Con- 
necticut and  eastern  brownstones. 

The  above  explains,  in  a  large  measure,  the  permanence  of 
sandstone  walls  over  granite  and  limestone,  as  observed  in  many 
of  the  larger  cities  of  this  and  adjacent  states. 

In  Table  XI.  will  be  found  the  specific  gravity  and  ratio  of 
absorption  of  building  stone  from  quarries  in  different  parts  of 
the  United  States.  This  table  has  been  compiled  from  various 
sources,  and  is  inserted  for  comparison  with  the  results  in 
Table  V. 

Weight    per   Cubic   Foot. 

It  is  sometimes  important  to  know  the  weight  of  the  stone 
from  different  quarries.  It  is  impracticable  to  attempt  to  give 
the  weight  of  the  stone  if  it  contains  an  indefinite  amount  of 
water,  as  it  does  when  first  taken  from  the  quarry.  The  last 
column  of  Table  V.  gives  the  weight  of  a  cubic  foot  of  the  dry 
stone  from  each  of  the  quarries  for  which  the  specific  gravity 
and  porosity  of  the  stone  were  determined.  The  stone  which 
weighs  most  per  cubic  foot  is  that  from  the  Marblehead  Lime  & 
Stone  Co.'s  quarry.  The  weight  of  this  stone  averages  176.6  lbs. 
per  cu.  ft.  The  lightest  stone  is  the  sandstone  from  the  Dunn- 
ville  Sandstone  quarry,  which  weighs  115.55  lbs.  per  cu.  ft. 
The  sandstones  range  all  the  way  from  115.55  to  148.3  lbs. 
{  per  cu.  ft.     The   limestones   range   from  153.69  to  176.06  Ibe. 

per  cu.  ft.  A  majority  of  the  limestones  weigh  from  165  to  175 
lbs.  per  cu.  ft.  The  maximum  weight  of  the  granite  was  ob- 
tained for  the  Athelstane  from  Amberg,  which  averaged  168.5 
lbs.  per  cu.  ft.  The  granite  from  the  L.  S.  Cohn  Granite 
quarry  at  Granite  Heights  gave  the  minimum  weight,  which 
was  163.29  lbs.  per  cu.  ft.     All  of  the  granites  weigh  within  5 
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lbs.  per  cu.  ft.  of  one  another,   and  have  an  average  weight  of 
164.98  lbs.  per  cu.  ft. 

FBEEZING    AND    THAWING    TESTS. 

Very  few  tests  have  thus  far  been  made  to  determine  the  re- 
sult of  alternate  freezing  and  thawing  upon  building  stone. 
The  importance  of  such  experiments  has  never  been  questioned, 
but  the  difficulty  involved  in  manipulation  and  the  many  condi- 
tions which  must  be  considered  before  drawing  conclusions  from 
the  quantitative  results,  have  apparently  had  the  effect  of  al- 
most excluding  these  determinations  from  the  reports  on 
building  stone.  In  the  following  discussion,  for  brevity,  the 
samples  which  were  not  subjected  to  alternate  freezing  and 
thawing,  have  been  termed  the  fresh  samples.  Those  which 
have  passed  through  the  process  of  alternate  freezing  and  thaw- 
ing have  been  designated  the  frozen  samples. 

The  effects  of  alternate  freezing  and  thawing  may  be  mani- 
fested in  three  ways:  (1)  cracks  may  form,  (2)  small  particles 
or  grains  may  be  thrown  off  from  the  surface,  occasioning  a  loss 
in  weight,  (3)  the  strength  of  tlie  samples  may  be  very  much 
lessened.  The  first  case  is  seldom  observed  in  the  small  samples 
tested,  owing  to  the  fact  that  the  stone  is  generally  so  carefully 
selected  that  no  incipient  joints  are  present. 

Loss  in  weight, — Occasionally  the  weight  of  a  sample  will  be 
lessened  by  small  particles  being  shoved  off  from  the  surface  by 
the  frost.  Where  incipient  joints  occur  small  flakes  are,  also, 
sometimes  removed  by  the  pressure  of  the  freezing  water.  Sand« 
stone  which  has  been  sawed  or  hammer  dressed  usually  has  a 
great  many  grains  on  the  exterior,  which  are  partly  loosened 
from  the  matrix.  These  are  readv  to  fall  awav  from  the  mass 
through  a  very  small  pressure,  which  is  fully  supplied  by  the 
freezing  of  the  water  which  fills  the  cracks  already  made  in  the 
cement.  These  loose  particles  over  the  surface  of  the  sample 
are  naturally  much  more  abundant  in  the  case  of  sedimentary 
rocks,  such  as  sandstones,  than  they  are  in  the  case  of  igneous 
rocks  or  finely  crystalline  limestone.  It  is  very  apparent  that 
the  loss  in  weight  will  depend  mainly  upon  the  manner  in  which 
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the  samples  have  been  dressed,  and  the  kind  of  stone.  Altemata 
freezing  and  thawing  for  a  period  of  35  days  will  result  in 
scarcely  more  than  the  removal  of  the  loose  grains  or  fragments 
from  the  surface,  and  any  loss  in  weight  occasioned  thereby  does 
not  indicate  the  extent  to  which  the  stone  has  been  injured.  If 
the  process  were  continued  over  a  very  much  longer  period  it  is 
very  probable  that  additional  loss  in  weight  would  occur,  but 
even  this  would  not  express  the  comparative  injury  to  different 
kinds  of  stone. 

All  the  tests  thus  far  made  in  the  preparation  of  building 
stone  reports  of  other  states  that  have  come  to  my  notice  have 
resulted  simply  in  the  determination  of  the  loss  in  weight,  which 
I  consider  to  be  of  comparatively  little  value  in  estimating  the 
durability  of  the  stone. 

The  loss  in  weight  due  to  alternate  freezing  and  thawing  was 
determined  for  the  stone  from  all  the  more  important  quarries 
in  this  state.  These  results  are  given  in  Table  VI.  The  man- 
ner in  which  these  tests  were  performed  is  carefully  explained 
on  pp.  70-72,  from  which  it  will  be  observed  that  the  sam- 
ples were  subjected  to  the  severest  possible  conditions.  A  glance 
at  the  table  shows  that  the  loss  in  weight  of  the  granite  and  rhy- 
olite  did  not  exceed  .06  of  1^  on  a  mass  of  about  350-360  grams. 
In  the  case  of  the  limestone  the  loss  did  not  exceed  .3  of  1}<,  be- 
ing, as  a  rule,  less  than  .1  of  1^.  The  loss  on  the  sandstone  sam- 
ples was  somewhat  greater  than  the  limestone,  but  did  not  ex- 
ceed .62  of  Iff',  with  an  average  of  about  .14  or  .15  of  Ijif.  Suck 
losses  in  weight  are  almost  insignificant,  and  are  valuable  mainly 
in  showing  that  the  more  loosely  compacted  sandstones  have 
more  of  the  grains  on  the  exterior  loosened  in  the  preparation  of 
the  samples  than  the  more  compact  granite,  rhyolite,  or  lime- 
stone It  is  very  probable  that  had  these  samples  been  subjected 
to  another  35  days'  exposure  similar  to  the  first,  there  would 
have  been  much  less  difference  in  the  loss  of  weight  between  the 
samples  of  granite,  limestone,  and  sandstone.  There  is  no  doubt 
in  the  case  of  the  sandstone,  but  that  the  loss  in  weight  is  due 
largely  to  the  loosening  of  the  individual  grains  at  the  surface, 
in  the  preparation  of  the  samples,  and  it  is  probable  that  the  loM 
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in  weight  recorded  for  the  granite  and  limestone  is  also  largely 
due  to  this  cause. 

Loss  in  CriLshing  Strength. — Lastly,  the  result  of  alternate 
freezing  and  thawing  is  manifest  in  a  decrease  in  the  crushing 
strength  of  the  rock.  It  is  quite  evident  that  if  a  stone  is  satu- 
rated with  water  and  allowed  to  freeze,  and  the  process  be  re- 
peated a  score  or  more  of  times,  that  the  adhesion  of  the  particles 
will  be  weakened  and  the  oement  i)erhaps  shattered  or  broken. 
This  will  not  necessarily  occasion  any  immediate  loss  in  weight, 
although  it  is  evident  that  the  rock  will  lose  in  strength.  Thiis 
far  I  have  been  unable  to  find  any  experiments  which  show 
quantitatively  the  result  of  alternate  freezing  and  thawing  on 
the  crushing  strength  of  different  building  stones,  yet  is  quite 
apparent  that  this  is  one  of  tho  most  important  tests  in  deter- 
mining the  weathering  properties  of  building  stone.  In  Table 
VI.  is  given  the  crushing  strength  of  the  samples  of  granite, 
limestone,  and  sandstone,  which  were  previously  subjected  to  al- 
ternate freezing  and  thawing,  as  described  on  pp.  70-72.  In 
Table  VII.  the  crushing  strength  of  the  fresh  samples  is  com- 
pared with  the  crushing  strength  of  the  frozen  samples.  In  the 
last  column  of  this  table,  No.  VII.,  the  difference  in  the  crushing 
strength  of  these  samples  is  given.  The  figures  that  are  in  pa- 
renthesisi  indicate  the  increase  in  strength  of  the  frozen  over  the 
fresh  samples,  while  the  others  give  the  loss  in  strength  of  the 
frozen  over  the  fresh  samples. 

In  order  to  interpret  correctly  these  results,  it  is  necessary 
that  one  understands  the  character  of  the  individual  samples 
used  in  performing  the  tests.  Unfortunately  some  of  the  lime- 
stone samples  used  in  the  freezing  and  thawing  tests  were  pre- 
pared with  less  care  than  those  used  in  the  crushing  strength 
tests.  In  some  cases  this  accounts  in  part  for  the  difference  in 
strength  recorded  in  the  table.  Wherever  outside  conditions 
have  influenced  the  results,  they  have  been  indicated  in  the  col- 
umn under  "Eemarks."  They  have  also  been  referred  to  in  the 
description  of  the  individual  quarries. 

Most  of  the  granite  samples  were  carefully  prepared,  and  the 
results  show   considerable  uniformity    throughout  the   entire 
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series  of  tests.  In  the  case  of  the  Pike  Biver  granite^  allowanoe 
must  be  made  for  the  shape  of  the  samples  used.  The  bearing 
faces  were  parallel  and  smooth,  but  the  other  faces  were  some- 
what rough  and  irregular.  The  same  may  be  said  of  the  sam- 
ples from  the  Berlin  Granite  Co.'s  quarry.  It  will  be  observed 
that  the  crushing  strength  of  the  frozen  samples  of  red  granite 
from  the  Pike  River  Granite  Co.'s  quarry,  and  the  samples 
tested  from  the  Berlin  Granite  Co.'s  quarrj-  are  higher  by  4,000 
and  11,000  lbs.,  respectively,  than  the  crushing  strength  of  the 
fresh  cubes.  These  differences  may  be  largely  attributed  to  the 
way  in  which  the  cubes  were  prepared.  A  number  of  the  sam- 
ples of  the  granite,  as  well  as  limestone,  were  sawed  from  large 
blocks.  The  sawed  surfaces  were  rough,  owing  to  the  shifting 
of  the  saw  as  it  followed  the  softer  parts  of  the  rock.  This 
shifting  was  sometimes  as  much  as  an  eighth  of  an  inch.  The 
bearing  faces  were  ground  doAvn  imtil  they  were  smooth  and 
parallel,  but  the  vortical  face^  were  left  in  the  irregular  shape  in 
which  they  came  from  the  saw.  Thus  it  is  seen  that  the  actual 
area  of  the  bearing  faces  may  be  above  or  below  that  computed, 
which  would  admit  of  a  possible  error  in  computing  the  strength. 

In  the  case  of  the  limestone,  the  samples  from  the  Washing- 
ton Stone  Co.' s  quarry  and  from  the  Laurie  Stone  Co.'s  quarry, 
used  in  the  freezing  and  thawing  tests,  were  also  somewhat 
roughly  prepared,  which  accoimts,  in  part  at  least,  for  the  appar^ 
ent  great  loss  in  crushing  strength.  The  frozen  samples  from 
the  Gillen  Stone  Co.'s  quarry  gave  a  higher  crushing  strength 
than  either  of  the  fresh  samples,  which  was  due  to  the  fact  that 
the  fresh  samples  were  placed  under  a  pressure  of  100,000  lbs., 
and  then  removed  to  a  machine  of  greater  capacity,  on  account  of 
which  they  were  crushed  with  a  load  considerably  under  the  ac- 
tual crushing  strength  of  the  stone.  The  fresh  samples  which 
were  tested  from  Story  Bros.'  quarry  were  hammer  dressed,  and 
therefore  the  results  are  much  lower  than  they  otherwise  would 
be.  The  sample  used  to  determine  the  effects  of  freezing  and 
thawing  was  sawed,  and  the  result  is  therefore  much  higher  and 
nearer  the  actual  crushing  strength  of  the  rock. 

In  the  case  of  the  sandstone,  all  of  the  samples  used  in  per- 
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forming  these  tests,  with  one  or  two  exceptions,  were  as  carefully 
prepared  as  the  fresh  samples  used  in  determining  the  crushing 
strength.  They  consequently  show  results  which  are,  as  a 
whole,  more  uniform  than  those  of  either  the  limestone  or  gran- 
ite. Samples  from  tlie  Grover  Red  Sandstone  Quarry,  used  in 
the  freezing  and  thawing  tests,  were  somewhat  irregular  in 
shape,  which  accounts  to  some  extent  for  the  apparent  great  loss 
in  strength. 

A  majority  of  the  samples  show  losses  ranging  from  326  to 
2,000  lbs.  per  sq.  in.  A  glance  at  the  table  shows  that,  in  sev- 
eral instances,  the  frozen  samples  of  sandstone  gave  an  increase 
in  strength,  which,  in  one  instance,  reached  900  lbs.  per  sq.  in.  I 
attribute  the  fact  that  there  is  so  little  difference  between  the 
strength  of  fresh  and  frozen  samples  of  sandstone  to  the  capillary 
size  of  the  pores,  which  allows  the  rapid  dissipation  of  included 
water,  by  which  they  escape  injury. 

The  higher  crushing  strength  of  the  frozen  samples  over  the 
fresh  ones  from  the  same  quarry,  as  observed  in  a  few  cases, 
probably  has  no  relation  to  the  alternate  freezing  and  thawing. 
It  is  probably  due,  as  above  mentioned,  to  a  number  of  other 
causes,  chief  among  which  is  the  manner  of  preparing  the  cubes. 
If  one  set  of  samples  are  more  carefully  prepared  than  the  other 
there  is  likely  to  be  considerable  variance  in  the  results. 

General  Considerations. 

Taking  the  results  as  a  whole,  we  can  safely  conclude  that 
freezing  and  thawing,  if  continued  for  a  considerable  period, 
will  materially  lessen  the  strength  of  the  rock.  Further,  in 
spite  of  the  exceptions  above  noted,  we  feel  safe  in  concluding 
that,  under  ordinary  circumstances,  the  loss  in  strength  is 
greater  in  the  case  of  granite  and  limestone  than  in  the  case  of 
sandstone.  The  total  loss  in  strength  is,  in  a  general  way,  pro- 
portional to  the  crushing  strength  of  the  rock.  Building  stone 
which  has  a  high  crushing  strength,  such  as  granite,  shows  a  con- 
siderably greater  relative  loss  than  does  sandstone.  Likewise, 
the  fresh  samples  of  limestone,  which  have  a  very  high  crushing 
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strength^  have  a  proportionately  less  crushing  strength  after  be- 
ing subjected  to  alternate  freezing  and  thawing.      In  the  case  of 
both  granite  and  limestone,  the  percentage  of  pore  space  is  rela- 
tively small  and  the  pores  are  of  much  smaller  size  than  those 
occurring    in  the    sandstone.      The    differences     in   crushing 
strength,   as  shown   by  these  experiments,   bear  out  tlie  theory 
stated  above,  that  a  stone,  in  which  the  porosity  is  low  and  the 
size  of  the  pores  small,  will,  when  saturated  with  water,  suffe;- 
from  alternate   freezing   and   thawing  much  more  than  one  in 
which  the  percentage  of  pore  space  is  high  and  the  size  of  the 
pores  large.     This  is  not  showTi  by  the  loss  in  weight,  being  ap- 
parent only  after  a  comparison  of  the  crushing  strength  of  the 
fresh  and  frozen  samples. 

There  is  no  question  but  that  of  two  stones,  one  with  a  high 
percentage  and  the  other  with  a  low  percentage  of  pore  space,  if 
they  are  completely  saturated  with  water  when  frozen,  the  for- 
mer will  suffer  the  greater  injury.     But  one  must  consider  the 
conditions  under  which  the  freezing  takes  place,  if  the  result?* 
are  to  be  of  any  practical  value.     In  these  conditions  a  time  ele- 
ment enters,  which  modifies  very  essentially  the  results.      After 
making  this  time  element  as  short  as  the  conditions  under  which 
the  experiments  were   performed  would   pennit,  it  was  found 
that,  apparently,  the  sandstone  which  had  the  highest  percent- 
age of  pore  space,  had  its  strength   proportionally   loss  affected 
by  freezing  and  thawing  than  the  strong  granites  and  limestone.-? 
having  low  percentages  of  pore  space.     Naturally  it  was  thought 
that  the  Dunnville  sandstone,  with  its  high  percentage  of  jwre 
space  and  relatively  fine  particles,  w^ould  experience  a  greater 
loss  in  strength  than  any  of  the  other  rocks  tested.     It  was  there- 
fore the  occasion  of  no  little  surprise  to  find  that  this  was  not  the 
ease.     This  result  gives  additional  evidence  that  even  in  as  fine 
a  grained  rock  as  this,  the  pores  must  be  of  greater  than  subcapil- 
lary  size,  permitting  the  included  water  to  be  given  off  with  suf- 
ficient rapidity  to  escape  the  evil  effects  of  freezing. 

It  has  been  a  matter  of  frequent  observation  that  limestone 
and  marble  suffer  more  by  hard  freezing  immediately  after  be- 
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ing  taken  from  the  quarry  than  other  stones  having  a  much 
greater  porosity.  The  reason  for  this  has  never,  to  my  knowl- 
edge, been  adequately  explained.  It  has  usually  been  spoken  of 
as  exceptional,  but  I  venture  to  say  that  between  limestone  or 
marble  and  sandstone  the  former  can  furnish  more  examples  of 
injury  by  the  freezing  of  the  water  contained  in  the  pores  than 
the  latter.  I  do  not  refer  here  to  the  results  of  the  freezing  of 
water  along  the  parting  planes,  which  has  been  the  cause  of  much 
of  the  scaling  of  sandstone,  which  has  been  laid,  in  walls,  on 
edge.  Prof.  J.  P.  Merrill,  in  the  10th  Census  Report  on  Build- 
ing Stones,  gives  a  reason  for  the  injury  to  freshly  quarried  lime- 
stone by  freezing.  He  says:  "It  frequently  happens  that 
stones  of  very  good  quality  are  entirely  ruined  by  hard  freezing 
immediately  after  being  taken  from  the  quarry  (this  being  par- 
ticularly the  case  with  some  marbles  and  limestones),  while  if 
they  are  quarried  during  the  warm  season  of  the  year  and  have 
an  opportunity  to  lose  their  quarry  water  by  evaporation  prior 
to  cold  weather,  they  withstand  freezing  perfectly  well.  This 
phenomenon  is  easily  accounted  for  if  we  admit  the  claim  put 
forward  by  some  that  the  quarry  water  of  these  stones  carries 
in  solution  carbonate  of  lime  and  silica,  which  is  deposited  in 
the  cavities  of  the  rock  as  evaporation  proceeds,  thus  furnishing 
additional  cementing  material  and  rendering  the  rock  more  com- 
pact." It  is  very  probable  that  the  water  whiph  evaporates  from 
a  limestone  or  marble  leaves  a  deposit  of  mineral  substance, 
which  was  held  in  solution  by  the  interstitial  water,  but  it  is 
rather  absurd  to  attribute  this  as  the  cause  of  the  conditions 
above  cited.  The  more  reasonable  explanation  depends  upon 
the  size  of  the  pores,  which  in  limestone  and  marble  are  usually 
very  small.  The  interstitial  water  is  given  off  very  slowly,  and 
if  the  weather  is  very  cold,  it  will  freeze  before  evaporation  can 
remove  it.  In  this  condition  the  pores  are  filled  with  water  and 
the  maximum  injury  results  from  freezing.  After  the  lime- 
stone or  marble  has  been  thoroughly  seasoned  or  dried  it  takes 
up  water,  only  with  great  difficulty.  If  the  stone  is  dry,  it  may 
be  frozen  a  hundred  times,   and  the  injury  will  be  scarcely  no- 
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ticeable.  If  it  is  by  some  means  saturated  again,  it  will  be  sub- 
ject to  the  same  danger  as  when  first  taken  from  the  quarry. 
The  reason  for  injury  from  frost  when  first  quarried,  and  appar- 
ent immunity  from  it  after  seasoned,  in  the  above  cited  cases,  is 
due  to  the  small  size  of  the  pores,  by  which  the  stone  is  in  danger 
when  saturated,  and  out  of  danger  when  dry.  The  results  are 
apparently  not  connected  in  any  way  with  the  deposit  of  calcium 
carbonate  or  silica. 

THE    EFFECT    OF    SXTLPHUBOXTS    ACID    GAS. 

Limestone,  dolomite,   and  marble  are  the  only  kinds  of  stone 
which  are  to  any  extent  injured  by  sulphurous  acid  gas.     Sam- 
ples from  the  more  important  quarries  were  tested  in  the  labor- 
Tory  of  the   Survey  to  determine  the  effect  of  this  gas,  as  ex- 
plained on  page  74.     After  a  treatment  of  44  days  in  a  moist  at- 
mosphere, the  different   samples  showed  little  or  no  change  in 
weight.     (See  Table  VII.)     Some  of  the  pieces  were  colored 
yellow,  others  were  slightly  etched  or  corroded,  while  on  the  sur- 
face of  many  of  the  samples  a  glistening  precipitate  of  magne- 
sium salts  had  formed.     The  magnesium  salts  were  easily  dis- 
*v>lvcd  in  water,  and  in  this  manner  the  samples  lost  slightly  in 
weight. 

Dolomitic  limestone,  when  placed  in  an  atmosphere  laden  witli 
moisture  and  sulphur  dioxide,  will  gradually  decrease  in  weight 
through  the  loss  of 'magnesium  salts.  This  process  does  not 
l>roceed  very  rapidly  under  ordinary  conditions,  but  after  a 
numb(T  of  years'  exposure  in  a  large  city  where  the  consumption 
of  bituminous  coal  is  large,  the  limestone  will  show  on  the  sur- 
face the  effects  of  this  gas. 

THE    EFFECT    OF    CABBONIC    ACID    GAS. 

The  results  of  the  experiments  performed  to  determine  the  ef- 
fect of  carbonic  acid  gas  in  a  moist  atmosphere,  show  no  appre- 
ciable deterioration,  either  in  weight  or  color.  Table  IX.  gives 
the  condition  of  the  samples  both  before  and  after  treatment. 

It  would  be  difficult  to  say  just  what  would  be  the  action  of 
the  carbon   dioxide   on   limestone,  when   acting  in  conjunction 
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with  sulphur  dioxide.  Neither  can  one  tell  the  effect  that  the 
many  other  less  abundant  gases  in  the  atmosphere  would  have 
upon  the  sample,  when  combined  with  either  carbon  dioxide,  sul- 
phur dioxide,  or  both. 

THE    EFFECTS    OF   HIGH   TEMFEBATTJBE. 

Few  experiments  have  thus  far  been  performed  to  determine 
the  limit  of  temperature  which  the  different  kinds  of  building 
stone  will  stand  without  injury.  It  has  been  demonstrated  that 
a  stone  will  stand  a  much  higher  temperature  when  heated  and 
cooled  slowly,  than  when  heated  or  cooled  rapidly.  The  rapid 
changes  in  temperature  occasioned  by  throwing  cold  water  on  a 
rock  have  a  tendency  to  destroy  it  much  more  quickly,  when  it 
is  highly  heated,  than  a  gradual  increase  or  decrease  of  heat.  A 
stone  which  has  been  heated  to  a  high  temperature  may  appar- 
ently be  unaffected  at  the  maximum  heat,  but  when  cooled  again 
it  may  be  found  that  the  strength  is  almost  entirely  gone.  High 
temperature  results  in  loosening  the  grains  of  a  stone  by  crack- 
ing the  individuals  and  injuring  the  cement. 

As  a  result  of  the  experiments  which  are  recorded  in  Table  X., 
it  was  discovered  that  all  the  samples,  when  struck  by  the  ham- 
mer or  scratched  with  a  nail,  after  being  taken  from  the  muffle 
furnace,  emitted  a  sound  very  similar  to  that  which  would  be 
given  off  by  a  brick.  This  soimd  was  characteristic  not  only  of 
the  sandstones,  but  also  of  the  granites  and  some  of  the  lime- 
stones. 

The  planes  of  lamination  of  the  originally  stratified  samples 
were  brought  out  more  distinctly  as  the  temperature  was  in- 
creased. But  few  of  the  limestone  samples,  which  were  tested 
in  the  muffle  furnace,  were  injured  by  gradual  heating  and  cool- 
ing, except  when  the  temperature  reached  a  point  where  calcina- 
tion occurred.  This  temperature  was  generally  from  1000®- 
1200°  F.  When  the  limestone  samples  were  suddenly  cooled^ 
they  always  flaked  at  the  corners,  as  shown  in  Plate  LVII.  The 
uncalcined  cores  to  the  samples  were  somewhat  rounded  at  the 
comers  and  in  some  instances  broke  into  small  fragments  after 
a  week  or  two  of  exposure  to  the  atmosphera 
25 
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The  manner  in  which  the  granite  samples  were  affected  is  il- 
lustrated in  Plate  LVI.  It  will  be  observed  that  the  different 
samples  when  rapidly  cooled  cracked  very  differently.  Hie 
very  coarse  grained  granite  broke  into  a  great  many  pieces,  and 
may  be  said  to  have  exploded.  The  cracks  were  so  numerous 
that  the  stone  was  broken  into  fragments  not  much  larger  than 
the  individual  grains.  The  mediiun  grained  granite,  such  as  oe- 
curs  at  Granite  Heights,  flaked  off  at  the  comers,  as  shown  in 
Plate  LVII.  The  fine  grained,  compact  granite,  such  as  the 
Montello,  developed  cracks  through  the  middle  of  the  sample. 
These  cracks  were  fine  and  quite  regular,  as  shown  in  Plate  LVI. 

In  contrast  with  the  limestone  and  granite  samples,  the  sand- 
stones were,  to  all  outward  appearances,  little  injured  by  the  ex- 
treme heat.  The  samples  which  were  taken  from  the  mufile  fur- 
nace and  allowed  to  cool  gradually  were  apparently  as  perfect  as 
when  first  placed  in  the  furnace.  But  after  they  had  cooled, 
one  could  crumble  any  of  them  in  the  hand,  almost  as  readily  as 
the  softest  incoherent  sandstone.  In  fact  when  they  were 
heated  to  a  temperature  of  1500^  F.  some  of  the  samples  had  be- 
come so  incoherent  that  it  was  barely  possible  to  pick  them  up 
after  cooling,  without  their  falling  to  pieces.  One  or  two  ex- 
ceptions to  this  rule  were  noted  in  the  finer  grained  varieties  of 
sandstone  from  the  Lake  Superior  brownstone  region.  One  of 
these  samples  showed  apparently  little  deterioration  in  strength, 
as  has  been  previously  noted  in  the  description  of  the  individual 
quarries. 

One  might  very  easily  be  deceived  regarding  the  amount  of 
injury  occasioned  by  extreme  heat  on  the  coarser  grained  sand- 
stone. After  heating,  the  samples,  as  a  rule,  look  as  fresh  and 
clean  as  when  first  quarried,  and  unless  tested  with  a  hammer, 
one  would  never  suspect  that  the  strength  was  so  largely  gone. 
The  samples  emit  the  characteristic  ring  and  scratch  of  brick, 
which  is  in  the  sandstone  more  closely  analogous  to  brick  than 
in  either  limestone  or  granite. 

In  general,  the  results  of  the  temperature  tests  seem  to  indi- 
cate that  there  are  but  few,  if  any  stones,  whether  they  be  gran- 
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ite,  limestone,  or  sandstone,  that  will  effectively  withstand  the 
extreme  temperature  of  1500°  F.  The  samples  which  were 
tested  in  the  laboratory  of  the  Survey  were  allowed  to  remain 
only  5  or  10  minutes  in  the  furnace  at  this  extreme  temperature 
before  being  removed.  It  is  thought  that  if  they  had  been  per- 
mitted to  remain  one-half  or  three-quarters  of  an  hour  there  are 
none  that  would  not  have  been  destroved  bv  the  intense  heat. 
There  is  probably  no  stone  that  will  not  suffer  ultimate  destruc- 
tion if  extreme  heat  be  applied  for  a  considerable  time. 

But  it  must  be  understood  that  the  Wisconsin  building  stone 
is  no  different  in  this  respect  from  the  stone  obtained  from  other 
states.  Neither  the  Bedford  nor  Joliet  limestone  will  stand 
higher  temperatures  without  injury  than  the  limestone  from 
Wisconsin.  Xo  sandstone,  whether  it  be  quarried  in  Michigan 
or  Connecticut,  will  resist  heat  more  effectually  than  the  Lake 
Superior  brown  sandstone  of  W^isconsin.  A  stone  is  seldom 
subjected  to  a  heat  which  approaches  the  maximum  recorded  in 
these  tests,  except  in  large  conflagrations.  It  is  seen  by  refer- 
ence to  Table  X.,  that  up  to  a  temperature  of  800°  F.,  the  stone 
tested  was  little,  if  any,  injured.  The  brown  sandstone  does 
not  suffer  through  rapid  changes  of  temperature  in  the  way  the 
limestone  and  granite  do.  It  seldom  flakes  or  cracks,  and  is 
only  destroyed  at  a  temperature  that  no  stone  is  capable  of  with- 
standing. It  appears,  not  alone  from  experiment,  but  from  ac- 
tual use  in  buildings,  to  be  especially  well  adapted  to  withstand 
moderately  high  temperatures.  In  a  number  of  instances 
buildings  built  out  of  brownstone  have  been  entirely  destroyed, 
with  the  exception  of  the  walls,  which  have  remained,  almost 
without  a  block  destroyed.  This  can  scarcely  be  said  of  other 
buihliug  stone  or  brick. 

It  would  be  interesting  to  know  just  what  the  loss  in  strength 
is  for  each  increment  of  100-200°  for  different  building  stones. 
This  could  only  be  determined  by  a  careful  series  of  experi- 
ments, which  would  take  more  time  than  has  been  at  my  disposal. 
It  is  to  be  hoped,  that  in  the  future,  some  experiments  may  be 
performed  which  will  give  results  by  which  some  ratio  may  be 
made  out  between  the  effect  of  heat  and  the  loss  in  strength. 
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What  actually  takes  place  in  a  stone  when  heated  is  not  defin- 
itely kno^vn,  yet  it  is  quite  certain  that  the  contraction  and  ex- 
pansion of  the  individual  particles,  as  they  are  heated  and 
cooled,  differ  to  such  an  extent  that  rupture  takes  place  through- 
out the  entire  mass  of  the  sample  tested.  These  innumerable 
ruptures  which  occur  between  the  particles  composing  the  rock 
occasion  the  loss  in  strength,  which  makes  the  rock  unfit  for  fu- 
ture use. 

R^SUMlfc. 
In  the  accompanying  tables  an  attempt  has  been  made  to  give 
as  completely  as  possible  the  characteristics  of  the  stone  from  the 
different  quarries  in  Wisconsin.     The  tables  are   necessarily 
somewhat  incomplete,  but  are  meant  to  cover  as  fully  as  practi- 
cable the  more   important   tests  of  building   stone.     We  have 
noted  in  some  instances  that  the  stone  from  Wisconsin  is  excep- 
tionally strong,  that  the  limestone,  granite,  and  rhyolite  have  a 
crushing  strength  which   is  unsurpassed  by  any  other  stone  in 
the  United  States.     The  porosity  and  specific  gravity  are  such 
that  the  Wisconsin  building  stone  must  be  placed  among  those 
which  are  best  adapted  to  withstand  the  rigors  of  a  temperate 
climate.     The  actual  tests  of  freezing  and   thawing  reveal  the 
fact  that  there  is  little  loss  in  we.ght,   but  some  differences  in 
strength  between  the  fresh  and  frozen  samples,  and  that  the  rela- 
tive loss  in  strength  is  greater  as  the  samples  are  more  compact 
and  the  pores  smaller.     It  has  further  been  pointed  out  that 
carbonic  acid  gas  has  but  little  effect  upon  the  durability  of  lime- 
stone, while  sulphurous   acid  gas  discolors  the  rock,  and  brings 
magnesiimi  salts  out  upon  the  surface.     The  test  also  shows  that 
granite,  sandstone,  and  limestone,  alike,  are  incapable  of  with- 
standing exterme  heat,  but  that  up  to  a  moderate  temperature  of 
800°  or  1000°  F.,  few  of  the  building  stones  tested  were  ma- 
terially injured.     The  tests  as  a  whole  show  t'lat  the  first  grades 
of  all  classes  of  Wisconsin   stone,   granite,   rhyolite,  limestone, 
and  sandstone,  meet  all  the  demands  as  to  strength  and  durabil- 
ity which  are  required  of  stone  for  building  purposes. 
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Table  I. 


Calibration  of  Riehle  Autouiatlc  Tenting:  Maohlne.    Capacity  of  lOOtOOO  11m. 


Increment. 

Total  load. 

Boam. 

Error. 

Increment. 

Total  load. 

Beam. 

Error. 

5,150 

5,150 

5.128 

22  4- 

5,737 

46.612 

46.468 

144  + 

4,832 

9.d82 

10,158 

176- 

4.918 

51,530 

51,468 

62  + 

5,772 

15,756 

15,978 

222- 

4.788 

56,318 

56.263 

155  + 

5,737 

21,493 

21,568 

75- 

4.807 

61,125 

60.968 

157  + 

4.833 

25,326 

25,333 

7- 

4,829 

65,951 

65,878 

76  + 

5.858 

31,184 

31.303 

119- 

5,843 

71,797 

71,578 

219  + 

4,971 

38.055 

38,08:^ 

28- 

4,827 

76,624 

76.558 

286  + 

4.820 

40.875 

40,828 

47  + 

3,730 

80,354 

80,075 

281  + 
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Table  II. 

CnutalBC  BtrenKth. 


Amb>r>eraD.Co 

ALbelntane 

3.WT8 

S0,»0 

60.320 

IS.  163 

Einloded.  tjometruw 

of  a  piramid. 
Good     njramida.     Bc- 

3.VU 

BiOHO 

23,317 

AnibracanD.Co 

AmberrOrea-Co.  ... 

AtbeUlanB 

AtheUUiDS 

4.000 

78.830 

8D.SS0 

20,  lis 
Z1,29B 

Berlin  Qran.  Co 

.«.Ue.  from  Bar 

3.9)2 

HZ. 790 

98.000 

24,800 

'■^sss"'.r:'^. 

OnbBd 

Fniicl>ana.Co 

Hisli  BrLln 

07. 7« 

2t.33a 

Broke  with  eiploaiOB. 

Granite  Hel«hU  Co... 

BranlteHeigbU. 

s.no 

HO.  OK 

87, 1» 

22,060 

OnnilflHeislitaCo... 

QraniteHcigbW. 

3.B34 

8S.2S0 

90.310 

22.  lU 

Very  fair  pjiUBidi. 

Irma 

Jeokt  Qnarrj 

irma 

4.338 

BS.lWO 

96.430 

22.690 

L«athold'>Q>iarr]>.. 

HraaiteCity 

4.007 

u.m 

100.  OKJ 

25.000 

NoleroahBd. 

l-8.Culuiar«n.Co.. 

HraoiteHeigbO. 

30,000 

S3.B30 

IS.  on 

Broke  ou  aide. 

L.aC-oluiaran.Ck.  . 

3.130 

90.000 

B8.aM 

26,saa 

L.aC<.UaOran.Ck. 

Gran  its  lie  lull  ti. 

i.oie 

IB,  300 

«6.96n 

16,723 

Kiiiladed.  Oppsmrra- 
iBideood. 

L.S.Cul.DaraD.Co.. 

Granitt-  HpiBhtB. 

4.075 

78,180 

99.770 

24,483 

WaUBharaCo    11 

4.1SI 

I».00O 

77,0«1 
1X2,100 

]*a.aoo 

156.000 

14«,T^ 

131, 2M) 
1W,140 

38,083 

31.338 
43,973 

43,839 

After  removLnn  Irom  a 
100,000  to  a  200.1X10  lb. 

Wanshara  To.,  11 

"S-f^V,! 

U     teU 

4  HOI 

NowHiUOT«ir 

Qranite  HcighU. 

4-ffi* 
4,0(8 

log.coo 

94.000 

110,640 

113. 47B 

27,282 
27,887 

A^h'^K  b«D  un- 
der 100.000  lbs.  prea- 

^a  2110,000  lb.  maehb*. 

iQraj  BianltB.) 

000  to  the  SOWOO  lb. 
ID  no  bine. 
P;ramidg    at  top  and 
bottom.    Uacb  ehat- 

4.S77 

51,910 

78.000 

18,237 

(BtdsruiU.) 
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Table  II  —  Continued. 

Cnuhlni:  Strenirtli. 


Name  of  Quarry. 


Location. 


51 

Pi 

«*»  cd 
< 


M 
o 

m 

e 


51i 


43  4^ 

S  00 


Ramarka. 


OBANiTB  AND  BTOLITK  —  GontinaecL 
Tested  by  other  parties. 


IS.  J.  Nalaon  Gran.  Co. 

Berlin 

8.190 
1.410 
2.500 
3.870 

100,000 
46.153 
64.200 

100,000 

si.aoo 

32,747 
25,680 
29,eZ5 

Tested  bf  Fuldner  and 

£.  J.  Nalaon  Gran.  Ck>. 

Berlin 

McDonald  in  labora- 
tory of  Uaivarsitv  of 

E.  J.  Nalaon  Gran.  Co. 

Berlin 

Wiaeonain. 

llont^llo  Gran.  Co  . . . 

Hontello 

Not  omahed* 

THE    BVILDIS'O    ST0SE8    OF    TT/SCO.VS/.V. 
Table  II.— Cootinned. 


1 

1 

1 

i 

1^ 

Si 

-< 

z 

b' 

ftr 


LI 

KWTOWa. 

Baoer-*  QaaiTT 

KnowU* 

Bed. 

4.11 

m.m 

IttlTS 

Z>,18l 

•taller..  QiuuiT 

EnovUa 

Edge 

4.UI 

102,000 

US.3S0 

n.iT 

BrUwDort    Stone 

3t,«B0 

M.OSO 

10.11! 

7,  SOB 

8.875 
K.O0O 

BridftPliort      Stone 

fi^port     Stone 

aillen  BlODe  Co 

Dnok  Creek. 

Sdm 

4.C88 

87 

810 

100,000 

Comen    broken    or 

GUlen  Stone  Co 

DaekCrvek. 

Bed. 

I.088 

80 

30O 

97.!2& 

2S,7SS 

QUlen  Stooe  Co 

Dnek  Creek. 

IM. 

4.KS 

» 

ion 

100.000 

24,783 

L«Qrie  Stone  Co 

Sturgeon  Bay 

■«. 

3-709 

71 

000 

ll&NO 

SI,  0(7 

PbS'^^  00   Ik. 

Laarie  Stone  Co 

8turg««,B« 

Edne 

3.176 

m 

000 

IM.OOO 

3a.tBS 

oomar. 

Geneiee 

Marblebead  Lime  and 

Uarblehead . 

Bed  . 

3.T21 

ISO.  210 

4Z,7SJ 

^SS*°^  "■*"''"' 

MarblebetdUnuond 

E*. 

148.829 

Menominee    Falls 

Verr  good  pynmidt. 

i.en™™«^   Fell. 

Osnnirig     A     Oieaan 

roontainCity 

Bed  .. 

3.7»( 

22.839 

33.  «0 

3.830 

Broke  qniedj.   Ten 

Oennio*     A     Qiown 

Fountain  City 
Wanwatoaa.. 
Waawaloea.. 

Edge. 
Bed.. 
Bed.. 
Kdga. 

■ITK 

33.  sa 

8.788 

Fair  pjrunld. 

exo.'man  be^ 
taoes.                   ^ 

StorjBrotherBQD-iTj- 
Slory  Hrothera'  Qa'rry 
8tor>Brotliet«'Qn'rry 

l.fiOO 
4.SB0 

86.000 

S8.000 
(0.000 
61,000 

is,m 

17.817 
18.406 

Storr  Brothen'  Qu'm' 

Edge. 

10Z.IOO 

17.000 

43.340 

Edge. 

3  Bra 

4a.  100 

48,S80 

13,888 

Sturgeon  Bay 

Bed.. 

1.110 

3S.S00 

31.800 

StDi«eon  Bay 

Bed.. 

1.170 

38.3SO 

31,09 

TABLE    OF    CRUSBfXG    STRBXQTSS. 


Table  II. —  Continued. 

CnuhlKK  St»nBtli. 


3,ur««o.  B., 

Bod  . 

x.<r.o 

ZS,300;    33,000 

30.811 

SlurgBOQ  Bsy 

B*d- 

a.sso 

108,000 

s!>.m 

DidDOtbnak.  U>i- 
■ciily  rrutnn. 

Waihinffton  Stone  Co. 

Sturaaon  Bar 

Edg« 

3,814 

9B.S60   100,000 

M.011 

StumeoD  But 
StorgBoo  Bat 

Bed. 

Eds« 

3.8T9 

a.fiii 

106.^  lis. 080 
141,000   M1.190 

3I.S18 

Pres.ine 

A^and  Browns t.  Co. 

Pre>«iue 

Asbland  Brownsr.  Co. 

Pre».|ii» 

Argylf. 

AwlB. 

Anyle  Brownstone  Co 

Aryjld . 

Amle  BromuluDa  Co   Ar»'lr> 

Amb  BniimstODe  Co  Arsyla...   . 

Bibcock  A  Smith |  Houghttio. 

Babcook  ft  Smith [  Uouebtoa. 

Babooek  &  Bmllb  ....I  HouKhlon. 
Baulnlaad  Brownst.'  Ba»s  NIbdi 
Banlaland  Brownst.  |  Baes  Inlaai 
CAN.  W.  B7.Co....|  AblemaDs. 
C.  *  N.  W.  Br.  Co  ..  .J  AblamaD^  . 

•Whita. 


.  I  Edgf  .1 
.    Edge. 


978.    i:i.i:oi    H. 


.2I»     18,785i    IT, 


180     28.430|     2t. 


.OU'    30,830     38. 


Fair  pjraniidi. 
Very  fair  pynmid. 


.-«i   Not   «ry    BjDod    i 

Je. 

:j,34«j  Good  pframld*. 

.t  ill]  Two   nrr    '•<'-    • 


0,»2   ( 


.mid*. 


.UOl      S.12AJ 

)'    *,aio' 


.180,      t.n»\  Fair  pf  nunlda. 
690.    lS.«aR|  Good  prramida. 


394 


THE    BVILDISQ    6T0NE8    OF    WISCONSDi. 
Tablb  II. — Ckntinoed. 


Name  of  quarry. 


Loeation. 


3B 


85-g 


5W 


■S 

e 

e 


8  AmMTon  —  eontiniied . 


CAN.  W.  Hy.  Co.... 
C.  AN.  W.  By.  Co.... 
C.  A  N.  W.  By.  Co  .... 
C.  A  N.  W.  By.  Co  .... 
CAN.  W.  By.  Co.... 
CAN.  W.  By.  Co.... 
C  AN.  W.  By.  Co.... 
CAN.  W.  By.  Co  .... 
C  AN.  W.  By.  Co.... 
CAN.  W.  By.  Co.... 
C  AN.  W.  By.  Co  .... 
CA.N.  W.  By.  Co.... 
Dnluth  Brownst*  Co.. 

Dolath  BrowDBt.  Co.. 

Dulath  BruwnFt,  Co. 

DnnnTille 

DnniiTille 

DoniiTilje 

GroTer  Bed  Sandstone 
GroTer  Bed  Sandstone 

Pike's  Quarry 

Pike*8  Quarry 

Port  Wing  Brownst.. 
Port  Wing  Brownst.. 
Port  Wing  Brownst.. 
Port  Wing  Brownst.. 
Port  Wing  Brownst. . . 
Port  Wing  Brownst. . . 
Prentice  Brownst.  Co. 
Prentice  Brownst.  Co. 


Abiemans . . . 

Ablemans ... 

Abiemans . . . 

Ablemans  . . . 

Abiemans ... 

Ablemans . . . 

Ablemans ... 

Ablemans  . . . 

Ablemans  . . . 

Ablemans  . . . 

Abl«man»$ . . . 

Ablemans  . . . .  i 

Aerot>s  Biver. 

from      Fond 

du  Lac,  Minn. 

Across    Biver 

from    Fond 

dn  Lac,  Minn. 

Across    BiTer 
from     Fond 
du  Lac,  Minn. 

Dunnville 

Donnville.... 

Dunnville 

La  Valle.  .. 

La  Valle 

Bayfield 

Bayfield 

Port  Wing... 

Port  Wing... 

Port  Wing... 

Port  Wing... 

Port  Wing... 

Port  Wing... 

Houghton .... 

Houghton 


Edge* 
Edge* 
Bedt.. 
Bedf. 
Edget 
Bedt. 
Edget 
Bedt. 
Edget 
Bed*. 
Bed§. 
Edge. 

Bed  .. 

Edge. 

Bed  .. 
Bed  .. 
Edge. 
Bed  .. 
Bed  .. 
Edge. 
Bed  .. 
Edge. 
Bed  .. 
Edge. 


Bed... 
Edge 


8.968 
.082 
.(00 
.lU 
.OM 
.<M8 
.243 
.014 
.962 
.014 
.070 
.068 

.060 

.010 

.U8 

.ia» 

.812 
.0»f 
.068 
.186 
.297 
.105 
.038 
.058 
.142 
.837 
.071 
.208 
.573 
o.  984 


80,000 
41,600 
ISiOA 
42,7QS 
17,500 
38,100 
19.525 
80,490 
30,500 
81,455 
20,100 
10,000 


18,585 


24,730 


16,910 


7,120 


•  •  •      •  •  •  • 


20,800 
15.885 


46,9a0 

82,410 

52,480 

80,100 

47.680 

28,650 

58,918 

50, 1« 

40,865 

35,010 

14,250 

24,080 

26,  no 

19,200 
10,380 
11,215 
10,285 
54,300 
47,090 
19,715 
14.835 
22,200 
6,780 
21,380 
18,065 
20.815 
21,785 
23,800 
16,290 


12,880  Good 

U,547|  Good  wedge. 

8,06X1  Two    imperfset  w 

rmmida. 
12,028 


7,443 

U,OBO 

0,880 

18,481 

I** 


10,066 

8,0oe 

8,502 

5,831 

0,062 

4,668 
2,502 
2,942 
2,544 
13,350 
11,460 
4,588 
3.492 
5,486 
1,668 
5,161 
4,588 
5,118 
5,165 
4,549 
4,090 


Poor  ityrmBiidSi 
Fair  pyramids. 
Fair  pyramidib 
Fair  pyramids. 
Fair  pyramids. 
Wedge. 
Fair  pyramid. 
Poor  pyramids. 


Some  trace  of  if 
ramids. 


Fair  pyramids. 

Fair  pyramids. 

Pyramids. 

Pyramids. 

Broke  on  one  sidi 
Poor  pyramids 

Broke  with  expk 
■ioo.  Two  fair  n 
ramida. 

Fair  pyramids. 

Fair  pyramids. 

Good  pyramids. 

Good  pyrasBid  i 
bottom,  poor  c 
top. 


*  White,    t  Light  brown,    t  I>ai'k  brown.    §  Brown. 
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Table  II. — Continued. 

Crashing:  Strength. 


Name  of  Quarry. 


Location. 


cd 

SB 

a  M  • 
o  a  o 
•—•rt  a 


85' 


ed  fie 

tot 


o 

a 
k 


cd 


O 

§£6 
«^  ^^  cd 

^«  «  to 


SANDSTONE  —  coQ  tinned . 
TesU  by  other  jHtrtien, 


B«M  Island.. 
Fond  do  Lao 
Houffhton 


Port  Wing  Brownst. . . 
Port  Wing  Brownst. . . 
Wilson  laland 


Port  Winff. 
Port  Wing. 


4.300 
4  330 


•""So 
S  a  ^  is 


35.100 
44.100 


4,682 
6,287 
7,316 

8.162.8 
10,184.7 
7,548 


Remarks. 


Tests  made  by  Gen. 
Gilroore. 

Tests  made  by  Gen. 
Gilmore. 

Tests  made  by  Col- 
umbia Sohool  of 
Mines. 

Tests  made  byHarry 
P.  Smith,  Univer- 
sity of  Hindesota. 


:i 
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THE    BIILDJXG    STOXES    OF     WISCONSIN. 


Tabue  III. 
Transverse  Stren^h. 


Name  of  Qaarry. 


Length 

in 
inches. 


Breadth 

in 
inches. 


I 


Height 

in 
inches. 


Weight 
of  load 

in 
pounds. 


ModaloB 
of  mp- 
tare  in 

lbs.  per 
eq.  in. 


Bemaiki. 


Montello  Oran.  Co 

Montello  Gran.  Co 

NewHiUOTair. 

NewHiUO'Fair 

Baner's  Quarry 

Bridgeport  Qaarry  ... 

Laurie  Stone  Co 

Lee  Bros.'  Quarry  — 
Marblehead  L.  &  S.Co. 
Menominee  Falls  Co.. 

Story  Bros 

Story  Bros 

Washington  Stone  Co. 

Washington  Stone  Co. 


OKANITB. 

4 

1.007 

1.100 

794 

3,900.7 

4 

0.982 

1.066 

684 

3,677.9 

4 

1.017 

0.906 

426 

2,324.3 

4 

1.087 

1.103 

598 

2.713.1 

Broke  94  in.  from  ee 

Broke  diagonally  i 

center. 
The      granite     sa 

break  suddenly. 

little  bending. 


LIME8TOKE. 


1.073 
1.060 
1.049 
1.098 
1.076 
1.090 
0.927 
0.967 
1.078 

1.079 


1.035 

284 

1,609.1 

1.067 

157 

lrl64.3 

1.020 

678 

4,6B9.2 

1.120 

368 

2,404.5 

1.074 

501 

3,632.8 

1.082 

409 

3,170.6 

1.060 

245 

2.042.0 

1.094 

285 

2,217.0 

1.030 

345 

2,715.1 

1.025 

593 

3,923.3 

Broke  1  in.  fktmi  es 

Broke  !4  in  from  oe 

Broke     Tery     dos 

center. 
Broke  H  in.  fromee 

Broke  exactly  in  ce 


Broke      very 
center. 


elos 


Ixnperfeot  sample 
Broke  where  ass 
noticed. 

Broke  at  center. 


SANDSTONE. 


Babcock  &  Smith 

3.5 

1.012 

1.200 

145 

522.4 

Baboock  &  Smith 

3.5 

0.997 

1.045 

110 

530.4 

Bass  I.  Brownst'ne  Co. 

3.5 

0.953 

1.045 

110 

655.0 

Bass  I.  Brownst'ne  Co. 

3.5 

0.972 

1.044 

108 

534.9 

CAN.  W.  Bf.  Co 

40 

1.022 

1.032 

240 

1,824.0 

CAN.  W.  Ry.Co 

4.0 

1.023 

1.027 

152 

845.0 

CAN.  W.  By.  Co 

4.0 

1.023 

1.046 

IflS 

993.0 

CAN.  W.Ry.Co 

4.0 

1.007 

1.023 

180 

1,025.0 

C.  AN.W.  By.  Co 

4.0 

1.018 

1.047 

170 

914.0 

C.AN.W.Ry.Co 

4.0 

1.007 

1.018 

170 

965.0 

Flag  River  B.  Stone . . . 

7.0 

1.140 

1.096 

66 

408.8 

Broken  in.  from  osi 

Flag  River  B.  Stone. .. 

7.0 

1.047 

1.110 

48 

391.0 

Broke  about  %  in. 
center. 
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Table  III. — Continued. 

Trans verHe  Strenfpth. 


Name  of  Qoarry. 


Length 

in 
inches. 


Breadth 

in 
inoheH. 


Height 

in 
inche& 


Weight 
of  load 

in 
pounds. 


Modulus 
of  rup- 
ture ID 
lbs.  per 
sq.  in. 


8AND8TONB.—  Continued. 


Remarks. 


Greyer  Red  S.Stone . . . 

3.0 

0.965 

0.964 

30 

150.2 

Sample  was  wet. 

Grover  Red  S.  Stone . . . 

3.0 

1.063 

0.955 

79 

.')62.9 

Prentice  Br'nstone  Co. 

5 

l.ORO 

1.115 

100 

574.6 

Prentice  Br'nstone  Co. 

5 

1.095 

1.100 

82 

464.2  . 

The    sandstone    breaks 
slowly.      The    sample 
first  bends,  then  oracles, 
and     finally      breaks 
across,  quietly. 
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THE    BCILDI\0    8T0NE8    OF    WISCOX8IX 


Tabli  No.  IV. 


Modulus  or  GooSelent  of 


tleltx- 


Name  of  Qaarry. 


Loeati<Hi. 


Position 

intestine 

maehine. 


Modulus  of 
•lastieitj  ini 


sq.  in. 


ORAMm  AMD  EHT<n«ITB. 


Amberff  Oranite  Co . . . 

Amberff  Orsnite  Co . . . 

Amberg  Granite  Co. .. 

Amberg  Oranite  Co . . . 

Berlin  Granite  Co.... 

French  Granite  Co 

Granite  Heights  Co.. 

Jenk*8  Quarry 

Jenk*8  Qnarry 

L.  S.  Cohn  Granite  Co 

L.  8.  Cohn  Granite  Co 

MUw'lc*e  Monam't  Co 

New  Hill  O'Fair 

Pike  BlTer  Gran.  Co. 
(Gray) 

(Red) 

E.  J.  Nelson  Gran.  Co. 

E.  J.  Nelaon  Gran.  Co. 

Montello  Granite  Co. 

Hon tello Granite  Co. 

Montello  Granite  Co. 

Montello  Granite  Co. 


Athelstane 

Athelstane   

Athelstane  

Athelstane  

Near  Berlin 

High  Bridge 

Granite  Heights. 

Irma 

Irma 

Granite  Heights. 
Granite  Heights. 

Near  Berlin 

Granite  Heights. 


I 


Amberg  . 

Amberg  .. 

Berlin.... 

Berlin.... 

Montello 

Montello 

Montello 

Montello 


LIMS8T01CB. 


Gillen  Stone  Co 

Oenning&  Giesen 

Oenning  &  Giesen 

Voree  Stone  Quarry . . 
Voree  Stone  Quarry . . 
Washington  Stone  Co 
Washington  Stone  Co 
Waukesha  Stone  Co . . 
Waukesha  Stone  Co. . 


Duck  Creek 

Fountain  City.. 
Fountain  City.., 

Burlington 

Burlington 

Sturgeon  Bay 

Sturgeon  Bay 

Waukesha 

Waukesha 


201,900 
919.700 
961,800 

1,175,900 
B(ft,700 
771.700 

1,480,000 
582,000 
156,000 

1.010,000 

1.060,400 
6f»,400 

1.815.000 


1.465,900 
563.000 


1,916.200 
1.614.400 
1.735.300 
2.070.000 
1.653,000 


1. 004, 200)  Resolta  obtain'd  from 
tests  made  by  Fold- 
ner  and  MoDonald 
in  the  laboratory  of 
the  UniTersi^  of 
Wisconsin. 


462,800 

171.C00 

237.900 

81.500 

501,300 

674.500 

869,400 

1,327.500 

1.325.000 


Results  obtained  by 
Foldner  and  Mc- 
Donald as  abo^^ 
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Table  No.  IV.— ContiDued. 

Mtnluliu  or  Coefflelent  of  KUiitleUri 


LIMUTO 

aCo-. 

(.Co.. 

Wbu 

1,835. 700 
1.312. JDO 

^'A.f^^i>^l 

Ashland  firowoat. 

AahlBnd  Browiut.  Co 

AfWlel 

Amid  I 

ArcrU  Brawnitone  Co 

Amio  Brownjtoio 

B>tMockA8nilth. 

BatMock&Smitb. 

BabcockJb  Smith. 

BualaLBrownat. 

Bu*  111.  Browntt.  Co 

C.4N.  W.  R»  Co, 

0.4  N,  W.  By.Co. 

C4  N.  W.Hy.Co, 
.  W.  B7.  Co, 
.  W.  V.J.  Co. 
.  W.  By.Co. 

DolDlhBrawDit'rie' 

Dolntb  Brownat'ne  Co 

DnDDTille  Quarij. 

DaDQiiJIe  QDairy. 

DaoDTiUe  Qaarrr. 

OroTer  Bed  Sandst 

OroTfir  Bed  BandM 

Plke'n  Qaarrj 

Pike's  Qnarrr 

Prentice  Brownat. 

PreDtioe  Browiut.  Co 


CAN 
CAN.  ■ 
CAN. 


AnryJa 

HounhtOD 

BooirtitoD  — 

KounhtoD 

Bus  IiJaad.., 
BasH  bland . , . 

AbleiDBiu 

Ablomani 


Noar  fond 
Lao.  Hino  , . 

Near  Fo<id 
Lac,  If  inn  . . 


DuriiiTUJe,., 
l-aVnlle  ,,, 

LaVnlle 

Bayflalil,... 
Bayflnlil.... 
HouKbton . , 
Houibton . . . 
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Table  VII. 

Comparative  CrunliiuK  Strenirth  of  Mi«  Frenh  Hnd  Frozen  Sampleii.  i 


Name  of  Quarry. 


Location  of 
quary. 


^9-  -ril-B.    :c.     ^^ 


X  3  i  a 
-*  «»  *■  c 

'Ox      * 
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is  5 


.   a 


is  « 


Remarks. 


OBANITK  AND  RflYOLrTK. 


Ambers  Oraait^  Co . 


Berlin  (rranite  Co 

S.  J.    Nelson  Granite 
Co 

French  Granite  Co  . . . 

CInukite  Heights  Co .. 

JenlcB*  Qaarry 

Lenthold's  Qaarry 

Milwankee'Monament 
Co 

Montello  Granite  Co. 

New  Hill  0*Fair 

Pike  Biyer  Granite  Co 

Baner'B  Qaarry 

Bridgeport       Stone 
Qaarry 

Gillen  Stone  Co 

Laorie  Stone  Co 

Iiee  Bros 

Marblehead  Lime  and 
Stone  Co 

Menominee  Falls  Co. . 

Oenning  St  Giesen 

Story  Bros 

Voree  Qaarry 


Athol.stano  ... 


Near  lierlin.. 

1 
1 

Berlin 

2 

High  Bridge  . 

1 

Granite  H*g*8. 

2 

Irma 

1 

Granite  City. 

Near  Berlin.. 

3 

Montello 

3 

Granite  H'g'a 

1 

Amberg(Gray; 

1 

(Bed) 

1 

10,  ass 

24,.S00 

I.*),  841 
24,229 
2^507 
18,U23 
25,000 

34,640 
:i8.244 
27.262 
27,887 
18,237 


•> 


10,619   9.:X)9 


2 
1 
2 
2 
1 

2 
2 
1 
1 
1 


36,000 

32,766 

16,019 

20,306 

15,764* 

14,886 

31,844 
35,045 
19.368 
18,439 
22.445 


(11.200) 

13,075 
8.210 
2,201 
2.259 

10,114 

2.796 
3,199 
7.804 
9,448 
(4.206) 


The  samples  had  bear- 
iiic  facf^H  carefully 
prepared  bat  the  sidiM 
were  somewhat  ir> 
regular. 

Samples     were     not 
equally  perfect. 

Samples  were  not 
equally  perfect. 


SSampl<»s  were  not 
equally  perfect. 


LIMB8TONB. 


Knowles. 


Bridgeport... 
Duck  Creek.. 
Sturgeon  Bay 


2 

3 
3 
2 
2 


Washington  Stone  Co. 


vjiuuoc^d ...... 

Marblehead . . 

Lannon  

Fountain  City 
Wanwatosa .. 

2 

2 
2 

Burlington . . . 
Sturgeon  Bay 

2 
7 

30,680 

2 

17,005 

18.675 

8.008 

2 

7,527 

571 

24,522 

1 

28,392 

(8,870) 

36,970 

2 

20,777 

15,198 

32,992 

2 

28,133 

4,H51« 

41,620 

2 

27,366 

14,254 

32,710 

2 

13.996 

18.714 

8,799 

2 

9.462 

(663) 

18.477 

2 

2,^779 

C6.302) 

12,827 

2 

7,554 

5.273 

30.745 

2 

14,943 

15.802 

Frefh  samples  were 
removed  from  100,000 
to  300,000  Ibtc  ma- 
ohin9  before  thfCj 
were  crushed.  This 
accounts  for  low  ra- 

MUltS. 

The  frosen  samolaa 
were  not  as  perfect 
as  the  fresh  ones. 

Frosen  samples  were 
smaller  and  more  ir> 
regular  than  fresh 
ones. 

Besults  in  first  col- 
lumn  were  with 
hammer  dressed 
samples.  Those  in 
la»t  column  were 
8awn  samples. 

Samples  used  in  ob> 
taininglast  results 
were  rough  and  un- 
satisfactory. 


>  Parentheses  indicate  that  the  frosen  samploH  averaged  a  hii;her  cranhinir  strength  than  the 
fresh  ones. 
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Tablb  VII.    Continued. 

GomparatiTo  CroBlilag  Strength  of  the  Fresh  and  Frosen  Samples. 


Name  of  Qaarry. 


Location  of 
qaarry. 


o 

Mm"* 

o  « 

v." 


C9 


2fc£ 

Ox 


s 

'I 

7:  " 


8ANDRTONK. 


Argyle  Browostone  Co 

Aihland    Brownptone 
Co 


Babooek  and  Smith  .. 

Baas    Island    Brown- 
sUmeCo 


Dnlath  Brown  st.  Co. 

Donnyille  Quarry 

QroYer  Bed  Sandstone 
Qaarry 


Pike's  Qaarry 

Port  Wing  Qaarry. . . . 

Prentice   Brownstone 
Co 


Arpyle 


Prosque  Isle. 
Hon^hton 

Bass  leland .. 
Fond  da  Lac. 
DunnviUe  — 


LaVaUe 

Bayfield 

Port  Wing  ... 

Hoashtoo .... 


2 


2 

2 
2 


4.173 

5,40.^ 
5,421 

4.71S 
o.Wl 
2,722 

12,405 
4,040 
6.829 

4,319 


•> 


2 

2 

2 
2 
2 


2,230 

5.900 
3,714 

4.80S 
6,90:i 
3.4&4 

6.141 
2.958 
4,S99 

3,993 


Ht^aiarka. 


1.9:.:i 


CLh'.)  j  ^Vil  bsufUtone  roealla 
.ii>^  f.vora4ifi'»s  of  two 

1,707  I  »«amT>!c8.  one  of 
which  was  crashed 
on  tiitft  l>!»d  «nd  Ike 
other  oQ  cdi3. 


I 

I 

(712. 


6.'^ 

1,082 

930 

326 


Pn>w>n  Ham  pies 
at  *t  unrtectif  nhspad 


SULPHUROVa    ACID     TESTS, 
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Tablk  VIII. 


BCTect  orRulphurouA  Aril!  Ij:h4  in  a  MoUt  Atni(»4|»li4>ro  on   S;ftinpI«*Horijtin«{it4>ne. 

Time,  44  Diij'K. 


Quarry. 


''j.iior's  Qnarry 


Woiffhtnt 

IKP  C.  be  fore 

treatment. 

lu  Kfiims. 


i  •  f'fi'flport  

"4  liica  Stone  Co 

Lr.urie  Stone  Co 

I.  e   Brothem 

r   I  'blehead  Limt*  and 
:•  tone  Co 


''.>  lomioee  Falln    Co 

<••  uninflrA  Gieiwn 

•-'•iry  Brothers 

V'»ree 


"^  .^sliinirton  Stone  Co 


181.61 


44.97 

48.72 

176.75 

48.70 

48.25 
88.94 
49.  IJ 
35.20 

51.30 


Weight  at 
110^  C.  aft^r 
treatment. 

In  f?raiiict. 


HemarkH. 


Tliis  cube  wa."<  colored  yellow.  Orer 
almost  the  entire  surface  a  clear 
cryntalline  pnicipitate  of  mafrne«> 
itim  ridlts  had  formed.  In  some 
placoH  it  y/an  a  mere  film,  in  other 
i*lace.s  it  was  in  considerable  Biased 
crvHtals.  e^^pecially  ou  one  «'omer. 
The  nxijcrher  the  face  the  yellower 
the  colors 

Shows  hli;,'ht  corroMive  action  and 
yellow  coloring. 

Irnjcnlar  M>ot.'4  and  patches  of  yellow. 
Very  &li(rlilly  corroded. 

Sli.:^htly  corroded  and  dhows  thin 
tflirtteiiinfr  precipate  in  patches  over 
the  Hurface.  Yellow  aloBflr  cracks 
and  in  irrefTJiar  patches. 

Cr.vHt'«l!4  not  Hhowu.  Faces  were 
slichtly  corroded  and  had  a  faint 
yellow  color  distributed  in  small 
irrbffular  hjxjU*  and  patchen. 

ShowH  (flisteninff  precipitate  on  anr- 
face.  Some  parts  apparently  very 
slightly  corroded.  A  faint  yellow 
color  Is  ffiven  to  certain  parts  of  tba 
face. 

ShowH  a  very  faint  yellow  colorinir 
and  irrefnilar  corrosion. 

Yellow  <ii.Hcoloration.  Some  small 
corroded  spots. 

Slight  etching.      Faint  diMColoration. 

Sli«?ht  corronion  and  frlist^ninff  preelp- 
itatiou  on  surface.  SlignUy  dfr 
colon»d. 

Di«colonMl  alon^  cracks  and  beds  and 
in  irregular  areas.  Crystalline  pre- 
cipitate mafoiesinm  salts  on  sorfaoa. 
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Table  IX. 

KBbot  of  Carboalo  Add  H.m  In  a  9f  >lAt  AtmoApbere  on  SAmpleK  of  LJmestone. 

Time,  44  Dajm. 


Qaarry. 


Bauer's  Quarry 

Bridgeport  Stone  Quarry 

Gillen  Stone  Co  

Laurie  Stone  Co 

Iiee  Brotiiers*  Quarry 

Marblehead  Liime  and  Stone  Co 
Menominee  Falls  Quarry  Co — 

Oenninff  andOieaen 

Story  Brothers 

Voree  Quarry 

Washlnnton  Stoue  Co 


Weight  at 
IWCbefocfi 

treatment. 
In  flrrams. 


177.65 
129.H5 
43.96 
49.95 
162.77 
46.40 
42.07 
41.82 
46.49 
34.84 
53.81 


Weight  at 
110»  C.  after 


In  grams. 


177.61 
129.32 
43.35 
49.92 
162.75 
46.41 
42.05 
41.31 
46.47 
34.80 
53  79 


Remarks. 


The  samples  frare  no 
evidence  of  deterio- 
ration. 


BIOB    TEMPERATURE    TE8T8. 

Tablb  X. 
EITaetiof  Hlch  Tampenturr. 


AmtMiR  Qranile  Co  . 
K.J.  NslBOD  dcaa.C 
aranile  Hei«buCo. 


MUwuqkw  Hon.  Co  . 
MonleUa  GnniteCu 


Near  Berlin 

UoDtello. . . . 


l.ZUO- 
l.ZOU- 


a>  Bliovn  iD  the  illiutralioti. 
iPl.  LVII.) 

Iin  Mmple  ahnnml  to  &  plok- 
ULientor.    Whanatraeb  vlch  ■ 

(«(1    tjii«    411111(1  pecuLlar  to  a 
burul  brist.     Not  totally  da- 


(jillen  BtoneCo... 
l-anria  SUiDe  Co 


mFall^ 


OauDL 


ToTM  StoDH  Qaari7 . 

WaahiBglou  Stoae  Co.!  StarRfioD  Ba 


BridOTport.. 
Dock  Crfiek . 


IjBiinon 
FoamaiD  rity 


Color,  bluish  whitB.  Snmnom 
\tik  nlnne  the  bed.  CaloiaaU 
WhBn  -iiddimly  cooltJ  the  u 


CnlclDatinD  nitnnded  apparantly 
only  to  a  daptb  ot  abnnl  W 
iucb,  but  arcor  bnin^  eipoaad 


Wlinu  thn  ^Aninl^  Trjut  nudilonlr 
ciiolnl   the  riakiiuor  tbe  oor- 
nen.  wsi  Tar,  marked. 
Kll.SXr'  tbo  Kampla  took  od  a 
roddi>h    color.     Cracked  and 

Laminalionji  were  iotaiiaUled  by 
boat  of  HDD'.  Atl.20D°tlKiaam- 
Iile  ahowed  lignH  n(  oaiciaattoo 


TEB    KOILDISO    8T0NRS    OF    WIBC0N81S. 


Table  X.— Continued. 

Rfftofita  of  High  TempATSture, 


•"""■■  iiyiifit 


BttM  UlBDd  Bcownat . 
WuhbuniCo 

Arsrle  BrownBt. 

Aahluu)  Binwiut.  ... 

C.AK.V.S7 

Dnlnth  Browiut. 

DnnnTillfl 

Fit  Bint  Brawnst. 
Orom  Bad  SandKt'n 

Fort  Wins 


B*«Ld«Dd.- 

-F. 

HougbUm.-.. 

1.301 

Argyln 

•.fi« 

PrpsquD  lilfl. 

,',200 

Ableman..... 

1.400 

Fond  do  1*0. 

J 

l.MO 

DaaDTllls.  .. 

i.aoo 

^ 

NenrPLWlDT 
IdVklla 

\^ 

i.an 
ilioo 

Port  Wio|... 

1.300 

1.800 

lound  amittnl  b* 
H  like  that  bsaid 
9  scratched.  Coloc 
<    a     liRhtsr    nid. 


not  liiUillji  tiestroysd. 
AppareDtl/  not    deptTDjed.  tnt 

emitted  the  toaod  ot  m  bnok 

whim  RCratched. 
Oneoraek  produoed.    Cnimblad 

betweea  the  Angtn.  lellowiik 

brown  eolor. 
BtrFDBth  moetlrjKiiM. 
"—   iglfanHW.  Crambled.  Color 

— iDSvd  to  •  Terr  dwk  i«d. 

Somewhat  injaied  at  1,000"  F. 

remaiiied  In  perfect  ahapa,  fini 
■transdi  wu  panljspm. 
StreDBth  iRMie.  Cramblaa.  Coloc 
■llKhtlTliihler  red. 


TE8T8    ON    STOyE    PROM    OTHER  STATES. 
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Table  XI. 

•peclflo  Gravitj  and  Ratio  of  Absorption  or  Balldlngr  Stone  Oooariinft:  Oafeslde 

c>i  Wiscousln. 


Locatiou. 

Spocific 
gravity . 

Ratio  of 
absorp- 
tion. 

Per  cent. 

of  losa  in 

wcicht 

by  fi-eoz- 

Bom  arks. 

lUR. 

GRANITE. 

IK.  St.  Cloud,  Minn 

2.70 

2.59 

1 
.0?)  Absorption  after  4 days*  soak'g . 

1  Sauk  Rapids,  Minn 

2.71 

0.19 

.03 

Absorption  after  4  days*  soak'g . 

>K  St.  Cloud,  Minn 

2.63 

0.08 

.IS 

Absorption  after  4  days*  soak*g. 

>  Watab,  Minn 

2.73 

2.35 

.02 

Ab.«orption  after  4  days*  8oak*ir. 

•  Fourcbe  Mountain.  Ark. 

2.6;)5 

2.642 
2.861 

•  Fourcbe  Mountain.  Ark . 

1-1673 
1-4530 

Abwrption  obtained  by  soaking 
until  an  approximately  oqd< 
stant  weiirbt  was  obtaiDod. 

*  Staten  laland.  N.  Y 

•■       •■>••• 

*  Jersey  Heij^hts.  N.  J . . . . 

3.030 
2.635 

Quantitative  resulta  of  alter- 
nate f  reesiuK  and  thawinir  are 
Tory  few. 

*Diz  Island,  Me 

'  Quincv.  Mass  r .  r .  t 

2.695 

1 

*  Grindstone  island.  N.  T. 

2.7139 

1.55 

•  Keeseville.  N.  Y 

2.7551 
2.6519 
2  6543 
2.642 

.066 
.410 
.870 

•  •  •  •         •  •  • 

"Hallowell.  Me 

*Hallowell.  Me 

*  Fox  Island.  Me 

«  Stark.  N.  11 

2.631 
2.636 

1-534 

1-778 

« Concord.  N.  H 

*Barre,  Vt. 

2.651 

t.m 

1-720 
1-388 

Richmond.  Vn ,,..-,-.  -  - 

M 

[ARBLB,  L] 

[M nSTONB,  AND  DOLOM ITS. 

1  Frontenac,  Minn 

2.03 

3.49 

0.11 

*  Stillwater.  Minn 

2.77 

2.19 

0.05 

1  Winona.  Minn 

2  07 
261 

2.KS 
2.51 

0.05 
0.30 

1  Kasota,  Mijin 

1  llinneaiwlis,  Minn 

2  77 

2.36 

2.21 

^  St.  Joo,  Ark.  (marble)  .. 

2.712  j 

0.34 

'  St.  Joe.  Ark.  (marble)  . . 

1 
2.097  1 

0.33 

1  OeoL  A  Nat'l  Hiftt.  Sur.  of  Minn.,  final  report.  Vol.  I,  p.  196. 

'Ann.  Ropt.  Ark.  (iool.  Sur,  Vol.  II.  1800.  pp.  48-50.  by  J.  F  Williams. 

*  Bull,  of  the  N.  y.  Stato  Museum,  Vol.  II,  No.  10.  p.  358,  by  Prof.  J.  O.  Smoek. 

*  Notes  on  BuUdinv  Stones,  Vermont,  p.  6,  by  Dr.  H.  A.  Cuttinir* 

'  Ann.  Bept.  Ark.  iieoL  Sur.,  1890,  Vol.  IV,  pp.  210-lL— T.  C.  HopkiiM. 
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Tablb  XI. —  Continued. 

8p«elllo  OrATlty  »iid  R«tlo  of  Absorption  of  Balldlnf  Stoae  Oeoarrlay  Oatsli 

of  WUoonsla. 


Lioeatt(m. 


Speeiflo 
gravity. 


Biitio  of 

abiiorp- 

tloo. 


Per  eent. 

of  loss  ia 

weiffht 

by  f  reel 


Remarks. 


M AJIBLB.  I«IMBSTOKK,  AKD  DOI<OMITV  — continued. 


Marble  City,  Ark .  (m*ble) 

Sandy  Hill.  N.  T 

Plattsbnrff,  N.  Y 

Anbanit  N.  T 

WUliamsTille,  N.  T 

Baltimore,  Md 

Bedford,  Ind 

HamiltoQ  Co.,  O 

Springfleld,  Penn 

Bedford.  Ind 

Salem,  Ind 


2.801 

2.7641 

2.7098 

2.7280 

3.iOi9 

2.917 

2.478 

2.201 

2.688 

2.47 

2.51 

0.57 

0.140 

0.145 

0.120 

0.180 

1-340 

1-280 

1-28 

1-280 

1-28 

1-81 

SAMDflTOini. 


Hinckley,  Minn 

Dresbach,  Minn 

Jordan,  Minn 

Dakota,  Minn 

Waltonville,  Pa 

Lfunberrille,  Pa 

Portland,  Conn 

E.  Longmeadow,  Mass. 

Marquette,  Mich 

Marquette.  Mich 

Portage  Entry,  Mich... 

Potsdam.N.T 

Hnlberton,  N.  T 

Portage,  N.T 

NoTa  Scotia,  Can 

Salem,  Md 

Cincinnati,  O 

Cheat  RlTcr,  W.  Va. .. . 
CleTeland.O 


2.47 

3.38 

2.84 

2.88 

2.66 

2.80 

2.35 

2.49 

2.29 

2.18 

2.54 

2.804 

2.5852 

2.8969 

2.8238 

2.452 

2.188 

2.632 

2.210 


4.88 

11.48 

12.60 

11.08 

1-37 

1-88 

1-40 

1-19 

1-32 

1-ao 

Ml 

2.08 
2.48 
2.97 
18.07 
1-24 
1-23 

i-m 

1-22 


0.08 
0.05 
0.08 
0.09 


T^st  made  at   Watertown  A^ 

senaL 
Tbst  made  at  Watertown  As 

sensal  (Dec,  1888). 
Tbst  made  by  Gen.  Gilmoce. 

Test  made  by  Gen.  Oilmore. 

Figures  from  stone,  June,  188 


I  •  *  «  V  S(«  foot  notes  p.  413. 

*  31st  Ann.  Bept.  on  The  Geology  and  Natural  Besouroes  of  Indiana,  p.  315^ 

*  App.  Ann.  Bept.  Pa.  State  College,  1896,  p.  30.    (Brownatones 
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Table  XII. 

Craiihlag^  Streng^th  in  Poundj*  per  nq.  la.  of  Balldlni;  Stone  Oonarrlnj;  Outside  of 

WlMOODltlu. 


Location  of  stono. 


CompreMsive 
streuxth  in 
I>oaudM  l>er 

square  inch. 


Anthority. 


GRANITR. 


East  St.  Clond,  Minn. .. . 

Sank  Bapids,  Minn 

Beaver  Bay,  Minn 

Fonrobe  Mountain,  Ark . 


Foarehe  Mountain,  Ark . . , 
Fonrche  Mountain,  Ark . . 
Fonrche  Mountain,  Ark . . 
Fonroiie  Mountain,  Ark . . , 

Saratoga,  N.  Y 

Saratoga,  N.  Y 

Little  Rock,  Ark 

Little  Rock,  Ark 

Little  Rock,  Ark 

Little  Rock,  Ark 

Little  Rock.  Ark 

Little  Rock,  Ark 

Little  Rock,  Ark 

Chesterfield  county,  Va . . . 

Korah,  Va 

MUbridffc.Me 

HockTillo,  Minn 

Bxeter,  Cal 

Exeter,  Cal 


28,000 
21,500 
26.500 
28,700 


21,000 
22,900 
29,000 
27,000 
25,600 
16,800 
22,388 
:S0,02S 

18,  sn 

17,407 
24,653 
20,363 
27,518 
13,350 
23,446 
19,917 
18,121 

20,:^d 

24,746 


Gktological  Surrey  of  Minnesota,  Vol  L,  Pb  19C. 
Geolofrieal  Surrey  of  Minnesota,  VoL  L,  i».  196. 
Geological  Surrey  of  Minnesota,  VoL  I.,  pw  196. 

Annual  Report  Arkansas  Geological  Snnrey. 

1H9U,  Vol.  II.,  p.  44.    (The  msttlts  oompated 

for  the  last  column,  as  ffiven  in  the  Arkansas 

re|X)i  t  above  referred  to,  are  thomrht  to  be 

erroiieouH,  owin^r  to  the  fact  that  the  for- 

malu  worked  out  by  (}en.  Gilmore  has  been 

nhown  to  be  of  no  value. ) 
AuuuhI  Report  Arkansas  Geological  Surrey, 

\f^,  Vol.  II.,  p.  44. 
Annual  Report  Arkansas  Geological  Sanrejr, 

1890,  Vol.  II.,  p.  44. 
Annual  Report  Arkansas  Geological  Snnrejr, 

itA/0,  Vol.  II.,  p.  44. 
Annual  Report  Arkansas  Geological  Sarrey, 

1890.  Vol.  II  ,  p.  44. 
39tli  Annual  Report  of  the  New  York  Mosenm 

of  Natural  History,  p.  220. 
39th  Annual  Beportof  the  New  York  Mosenm 

of  .Natural  History,  p.  220. 
Tests   of    Motnis.    (ioveruraent   Rept.,    1895, 

p.  ;«o. 
TestM   of   Metals.    <}ovemrai>nt   Rept.,    1895, 

p.  321  •. 
TeMt.H   of   Metals.    Government   Rept,   1895, 

p.  :^. 
Tdr*tii   rtf   M(«tal:«.    Go?ernment   Rept.,   1895, 

p.  320. 
Testn   of   MntalH.    Government   Rept..   1880, 

p.  320. 
Teht.x   of   Metals.    Government    Rept,   18M, 

p.  :i2a 
Tests   of  MoIhIh.    Government    Rept,    1896, 

p.  3-iO. 
Tests   of   Mt^tals.    Government    Rept,   1896, 

P.32U. 
Test8   of   MotaU.    Government   Rept,    1896, 

p.  320. 
Toc-tt."*   of   MfttaU.    Government   Rept.   1896, 

pp.  31'.«.  H'JU. 
Tests  of   MetaK    Government    Rept,   1896, 

pp.  31H.  .fO). 
Tests  of   Motals.    Government   Rept,   1895, 

pp.  319,  320. 
Teitts   of   Metals.    Government   Rept,    1896, 

pp.  319.  320. 


Rutland,  Vt... 
Rutland.  Vt  .. 
MouDUin,  Vt. 


MABBLM. 


11,892 
13,864 
12,883 


Testa  of   Metals.    Government  Bept,   1896, 

pp.  319. 820. 
Tests  of   Metals.    Government  Rept,   1896, 

pp.  819,  320. 
Tents  of   Metals.    Government  Bept.  1896. 

pp.  819, 320. 
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Tablb  XII. —  Continued. 

OrathiB^  Streni^th  in  Pound*  p«r  i«q.  In.  of  Bailding:  Stone  Oocarrlni 

WLHConKin. 


Oatai'i**  >f 


Lfoeation  of  stone. 


Compressive* 
strouKth  in 
poandj  per 

f^tqunre    i 


Authority. 


M  ARULS.— contiou'.Hl. 


Satherlaiid  Falls,  V t 

I>eKalb,N.  Y 

I>8Kalb,N.T 

DeKalb,  N.  T 

DeKalb,N.  Y 

Colton,  CaL 

Canaan,  Conn 

Bt.  Joe,  Ark 

St  Joe.  Ark 

Bt.  Joe,  Ark 

St.  Joe,  Ark 

Ide  La  Mott,  Yt 

Bowling  Green,  Ky 

Wasioja,  Minn 

Wasioja,  Minn 

BUettsville,  Ind 

Bllettsvelle,  lud 

Bloomington,  Ind 

Bloomiogton.  Ind. 

Salem,  Ind 

Salem,  Ind 

Bedford,  Ind 

Bedford,  Ind 

StinesTille,  Ind 

StinesviUe,  Ind 

ATera^^  of  17  cubes  of  Bed 
ford Oolitio limestone   ... 

Lemont,  111 


16.156 
13,733 
10,478 
12,004 
13.772 
17.783 

&.8i2 
17,8:6 
10,447 

8.ft^ 
11,26$ 


Tests    of   MetaL^.    GoTerument    Kept..    Iik9ft. 

pp.  319.  3.0. 
Toj<t:)    of   MotaLs.    Govtirnmont    Rept.,    IddS. 

pp.  3i'>,  :t.u 
ToAts   of   M«tal4.    GoTomraent    BepU,    1  dW. 

pp.  .S19,  320. 
Trthts  of    Metali.    Govommont    Rept.,    18d5. 

pp.  31<».  32U. 
Tests  of   Metals.    Govemmont    Ropt.,    1S96, 

pp.  319,  3LU 
An.  Rept,  Arkansas  Geol.  Sur..  VoL  IV.,  1»H90. 
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CHAPTER  XL 


CONCLUSION. 

The  controlling  factor  in  the  successful  operation  of  a  quarry 
is  apparently  not  the  intrinsic  value  of  the  stone,  but  rather  its 
market  price.  People,  as  a  rule,  and  oftimes  builders  and  con- 
tractors, are  unfamiliar  with  those  qualities  of  a  stone  which 
make  it  suitable  for  particular  uses.  This  sometimes  leads  to 
the  use  of  an  inferior  stone,  In  an  attempt  to  minimize  the  cost. 
Th3  actual  cost  of  a  stone  dressed  ready  for  use  depends  upon 
(1)  the  ease  of  quarrying,  in  blocks  of  the  form  demanded,  (2) 
the  facility  with  which  the  stone  can  be  dressed,  and  (3)  the 
cost  of  transportation.  The  price  of  a  stone  will  not  be  alto- 
gether establishe<l  by  these  factors,  but  will  be  conditioned  by 
its  beauty,  susceptibility  for  taking  a  fine  finish,  and  upon  its 
reputation.  Whether  the  stone  is  sold  in  the  rough  or  dressed, 
will  depend  upon  which  brings  the  owner  the  greatest  margin  of 
profit. 

The  popular  fancy  for  building  stone  changes  at  intervals 
from  light  to  dark  colored  stone,  and  vice  versa.  This  demand 
has  an  appreciable  effect  upon  the  market  price  of  the  two  great 
dasses  of  light  and  dark  colored  stone.  When  light  colored 
stone  is  in  demand,  operators  in  dark  colored  stone  are  often 
obliged  to  lower  the  price  of  their  product  in  order  to  retain 
their  hold  upon  the  market. 

When  a  stone  has  a  wide  and  continuous  sale  for  twenty  or 
twenty-five  years,  it  is  often  said  to  have  a  "reputation. '*  An 
inferior  stone  sometimes  gains  a  reputation,  on  account  of  which 
it  conomands  a  better  price  than  one  which  has  undoubtedly 
greater  value.      Popular   fancy  and  reputation  often  have  no 
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relation  to  the  quality  of  the  stone.  The  use  of  a  stone  does 
not  always  depend  upon  its  suitability  to  the  structure  in  which, 
it  is  placed. 

As  noted  above^  the  ease  with  which  a  stone  is  quarried  in- 
fluences its  price.  The  position  of  the  stone  in  the  quarry,  the 
percentage  of  waste,  the  facilities  for  quarrying,  and  the  wages 
paid  the  employees  all  influence  the  price  of  the  stone.  If  the 
desirable  stone  is  at  or  near  the  top  of  the  quarry,  its  removal  is 
much  less  expensive  than  when  it  is  some  distance  below  the 
surface.  Quarries  are  frequently  abandoned  on  account  of  the 
heavy  stripping  of  soil  and  rip-rap  beneath  which  the  salable 
stone  is  concealed.  Occasionally  the  upper  IkhIs  of  the  quarry 
can  be  utilized  in  such  a  manner  as  to  pay  for  their  removal. 
When  this  can  be  done  the  depth  of  stripping  does  not  very 
largely  influence  the  price  of  the  stone,  but,  other  things  being 
equal,  the  cost  of  quarrying  may  be  said  to  vary  as  the  stripping. 

It  is  very  seldom  that  all  the  stone,  even  of  the  l>est  beds, 
can  be  sold  as  Xo.  1.  Some  of  it  is  generally  inferior  in  qual- 
ity, and  must  be  classified  accordingly.  The  price  of  the  stone 
will  be  to  a  certain  extent  influenced  bv  this  conditii>u. 

The  facilities  at  hand  for  quarryinc:  affect  the  pric*e  of  the 
stone  in  two  ways:  (1)  Adequate  facilities  will  insure  the 
most  rapid  removal  of  the  stone  at  a  minimum  expense  to  tho 
operator.  (2)  Through  the  use  of  modern  appliances  less 
waste  is  occasioned  and  the  stone  is  better  preserved.  It  is  true 
that  the  investment  is  larger,  but  this  is  more  than  compensated 
for  by  the  lessened  cost  of  0|>erating  and  the  increased  value  of 
the  stone. 

The  wages  paid  employees  also  affect  the  price  of  the  stone. 
A  large  part  of  the  value  of  a  stone  is  in  the  labor  placed  upon 
it.  A  difference  of  twenty-five  or  fifty  cents  per  day  in  the 
wages  of  the  employees  will  influence  very  decidedly  the  cost  of 
the  product. 

Turning  from  the  conditions  influencing  the  price  of  the  quar- 
ried stone  in  the  rough  to  those  of  the  dressed  stone,  we  note 
that  usually  the  cost  of  cutting  and  dressing  is  by  far  the  largest 
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factor  in  its  price.  There  is  a  great  difference  in  the  facility 
with  which  the  stone  from  different  quarries  can  be  cut  and 
dressed,  and  the  stone  must  bring  a  correspondingly  higher  price 
if  operations  are  continued.  It  should  also  be  observed  that  a 
stone  does  not  take  all  the  different  dressings  with  equal  ease, 
and  that,  of  two  different  stones  one  mav  take  a  bush  hammered 
finish  more  easilv  than  the  other  takes  a  rock  face  finish.  The 
difficulty  with  which  certain  stones  dress  frequently  excludes 
them  from  the  market,  except  for  the  finest  kind  of  work.  The 
cost  of  dressing  is  of  course  influenced  by  the  price  of  labor,  and 
an  increase  of  twenty-five  or  fifty  cents  a  day  in  wages  may  in- 
crease the  price  of  the  stone  sufficiently  to  make  it  unsalable. 

The  price  of  labor,  both  skilled  and  unskilled,  is  lower  in  the 
eastern  than  it  is  in  the  western  states.  The  immigrants  from 
foreign  countries  are  poured  out  upon  the  Xew  England  coast 
and  the  comj>etition  for  employment  is  so  much  greater  that  it 
results  in  a  lowering  of  prices.  Labor  is  such  a  large  item  in 
the  working  of  stone,  that  any  difference  will  necessarily  affect 
materially  the  market  price  of  the  stone. 

The  cost  of  transportation  may  considerably  increase  the  price 
of  stone.  The  extent  to  which  thi^  occurs  (lei)ends  upon  the  fa- 
cilities, the  rate,  and  distance  from  the  market  If  the  stone 
has  to  be  carted  some  distance  by  team  to  the  nearest  depot,  the 
expense  will  be  greater  than  if  it  were  transported  by  rail. 
Further,  the  railroad  rates  are  not  uniform  and  the  distance  to 
market  varies  greatly. 

The  freight  rates  depend  ujKm  the  conij)any,  the  amount  of 
competition,  and  the  length  of  haul.  Where  there  are  two  or 
more  competing  roads  the  rates  are  uniformly  lower  than  where 
there  is  only  one.  Where  there  is  onlv  one  line  the  rates  are 
sometimes  held  so  high  as  to  almost  exclude  the  possibility  of 
operating  the  quarry.  As  a  rule,  the  rates  granted  by  Wiscon- 
sin roads  show  but  little  imfair  discrimination.  The  companies 
recognize  the  fact  that  the  prosperity  of  the  quarrying  industry 
contributes  largely  to  their  own  prosperity,  and  that  any  extor- 
tionate rates  will  eventually  react  to  their  injury.     !N'everthelefl8 
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the  quarry  owners  in  the  eastern  and  central  parts  of  the 
United  States  have  an  advantage  over  the  western  quarry  own- 
ers in  relatively  lower  rates  of  transportation.  The  difference 
in  rates  is  largely  occasioned  by  the  competition  between  the 
roadS|  but  the  greater  distance  which  the  stone  has  to  be  trans- 
ported to  the  western  market  compensates  to  some  extent  for 
the  lower  rates.  Nevertheless,  these  differences  in  rates  assist 
the  eastern  quarrymen  very  materially  in  placing  their  product 
on  the  western  market. 

In  a  new  country  quarries  are  generally  opened  on  a  small 
Bcala  Most  of  the  work  is  done  by  hand,  and  the  operator  soon 
finds  himself  at  a  very  considerable  disadvantage  in  competition 
with  better  equipped  concerns.  The  quarries  of  the  eastern 
states  have  been  operated  for  much  the  longer  time,  and  all  the 
improved  machinery  necessary  for  the  successful  development 
of  the  industry  has  been  taken  advantage  of.  As  the  demand 
for  stone  in  the  west  increases,  and  people  attain  a  better  appre- 
ciation of  the  value  of  the  home  product,  the  quarries  of  Wis- 
consin will  be  better  equipped  and  the  price  of  stone  will  bo 
correspondingly  lowered. 

In  a  niunber  of  instances  in  Wisconsin,  the  inaccessibility  of 
the  quarries  has  been  the  greatest  hindrance  to  their  successful 
development.  A  number  of  the  quarries  are  from  five  to  nine 
miles  from  any  railroad,  and  the  stone  has  to  be  hauled  the  en- 
tire distance  by  team.  This  naturally  increases  the  price  of  the 
stone,  and  is  a  decided  hinderance  to  the  successful  operation  of 
the  quarries. 

The  tables  in  Chapter  VIII.,  which  give  the  comparative 
crushing  strength  of  stone  from  Wisconsin  and  other  states,  are 
very  favorable  to  Wisconsin  stone,  showing  that  the  state  pos- 
sesses limestone  and  granite,  which  are  superior  in  crushing 
strength  to  any  that  has  elsewhere  been  tested.  The  results  ©f 
the  tests  on  durability  can  hardly  be  compared  with  the  tests 
made  elsewhere,  because  the  conditions  imder  which  the  experi- 
ments at  the  various  laboratories  were  performed  are  very  differ- 
ent.    The  porosity  tests,  as  has  been  previously  shown,  are  only 
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Taluable  when  the  methods  of  obtaining  the  results  are  taken 
into  consideration,  and  the  size  of  the  pore  spaces  are  considered. 
No  data  could  be  obtained  on  the  loss  of  strength  occasioned  by 
alternate  freezing  and  thawing  of  samples  from  the  quarries  of 
other  states.  A  few  experiments  have  been  performed  to  de- 
termine the  loss  in  weight,  but,  as  previously  shown,  these  data 
have  little  significance. 

The  lithographs  which  accompany  this  report  give  an  excel- 
lent idea  of  the  variety  and  beauty  of  the  Wisconsin  building 
and  ornamental  stone.  A  comparison  of  the  granites  with  those 
which  are  imported  will  convince  one  that  for  beauty  and  vari- 
ety the  Wisconsin  product  is  unexcelled.  A  fair  idea  of  the  dif- 
ferent tints  of  color  in  the  browi  stone  of  the  Lake  Superior 
region  is  given  in  Plates  XXIII.  and  XXXIV.  There  are 
many  other  delicate  tints  of  brown  or  reddish  brown  among  the 
sandstone  quarries  of  this  region,  which  could  not  be  shown  in 
these  plates.  No  additional  conmient  is  needed  by  way  of  com- 
parison with  the  brownstones  of  other  states. 

The  average  person  who  reads  this  report  will  be  surprised  to 
learn  how  difficult  it  has  been  to  bring  the  people  to  an  apprecia- 
tion of  the  beauty,  adaptability,  and  value  of  the  stone  now  quar- 
ried in  Wisconsin.  Many  of  the  larger  public  buildings,  as  well 
aa  hundreds  of  private  residences  in  this  state,  have  been  con- 
Btructed  out  of  imported  stone,  where  native  stone  might  equally 
as  well  Lave  been  substituted.  The  pleasure  which  some  people 
feel  in  knowing  that  "imported"'  materials  have  been  used,  must 
be  satisfied,  and  as  long  as  the  construction  of  our  public  build- 
ings and  monuments  is  dominated  by  this  sentiment,  granite 
will  continue  to  be  shipped  from  Scotland,  and  brown  sandstone 
and  gray  limestone  will  be  imported  from  our  sister  states. 

If  a  person  desires  stone  of  the  best  quality,  he  must  pay  more 
for  it  than  he  would  for  an  inferior  quality.  Yet  there  are  con- 
tractors who  expect  the  best  class  of  stone  from  one  locality  at 
the  same  price  that  they  can  obtain  inferior  stone  from  other  lo- 
calities. In  the  construction  of  public  buildings  the  appropria- 
tions are  oftimes  too  small  to  permit  the  use  of  the  best  mia- 
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terials.  Likewise,  in  private  buil  lings  the  contractor  is  often 
controlled  in  his  selection  of  stone  bv  the  limited  amount  of 
money  at  his  disposal. 

Monuments  are  frequently  erected,  in  cemeteries,  on  which  the 
inscriptions  will  last  but  a  few  centuries.    The  real  value  of  such 
a  monument  is  thus  lost.      Monuments  should  stand  uninjured 
for  centuries,  if  they  fulfill  the  meaning  of  the  term,  and  irre- 
spective of  cost  they  should  be  built  out  of  the  most  durable  stone. 
Rather  sacrifice  a  portion  of  the  ornamentation  than  use  a  less 
durable  stone.     Marble  has  been  used  very  extensively  in  past 
years  throughout  the  country,  but  at  the  present  time  it  is  sold 
mainly  in  the  rural  districts.     It  has  been  very  largely  sup- 
planted by  granite,  and  it  now  becomes  necessary  for  the  pur- 
chaser of  a  monument  to  distinguish  between  the  different  kinds 
of  granite  and  to  know  which  one  will  serve  his  purpose  best. 
As  already  seen,  the  Wisconsin  granites  are  imsurpassed  by 
those  of  any  other  country  in   durability,  variety,  and  beauty, 
and  from  among  them  a  desire  for  a  monument  of  almost  any 
tint,  which  will  be  durable,  may  be  satisfied. 

Xearly  everywhere  in  this  country  one  finds  that  in  the  great 
structures  durability  is  sacrificed  for  cheapness.  Men  are  con- 
trolled bv  their  wealth.  Pretentious  structures  are  erected 
out  of  cheap  material,  which  last  only  one  or  perhaps  two  gen- 
erations, when  they  have  to  be  replaced  by  new  ones.  The  only 
value  in  this  is  in  furnishing  emi)loyment  to  workmen.  The 
total  wealth  of  the  country  is  always  decreased  by  the  use  of 
poor  materials.  The  time  is  coming  when  men  will  consider 
more  the  element  of  durability,  and  temporary  structures  will 
be  erected  only  in  the  newly  developed  sections  of  the  country. 

In  the  colder  portions  of  the  continent  it  is  necessary  to  pro- 
vide warmth  as  well  as  beauty,  strength,  and  durability.  In 
the  more  moderate  climates  this  consideration  does  not  enter 
into  the  construction  of  buildings,  and  for  this  reason  many  of 
the  buildings  in  the  south  differ  strikingly  from  those  of  the 
colder  northern  regions.  It  should  also  be  remembered  that 
environment  conditions  very  largely  the  durability  of  a  stone. 
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A  stone  which  has  effectually  withstood  the  destructive  agencies 
of  one  climate  may  decay  very  rapidly  under  new  climatic  con- 
ditions. This  is  one  reason  why  it  is  sometimes  unsafe  to  use 
a  stone  in  a  different  climate  from  the  one  in  which  it  is  quar- 
ried. 

The  stone  quarry  industry  in  Wisconsin  has  not  yet  reached 
a  stage  of  development  corresponding  to  that  of  the  quarries  of 
the  eastern  states.  In  many  places  the  industry  is  in  its  in- 
fancy, and  the  question  comes  to  us,  how  can  we  best  promote 
its  development  in  Wisconsin.  The  fact  that  a  larger  part  o£ 
the  value  of  a  stone  is  in  the  labor  which  is  placed  upon  it,  makes 
it  one  of  the  most  important  industries  for  the  laboring  class. 
The  industry  should  receive  a  fair  share  of  attention  by  the  peo- 
ple of  the  state,  and  should  be  recognized  in  a  public  way.  In 
the  first  place,  a  sentiment  should  be  inaugurated  which  favors 
tl.e  use  of  native  stone  in  the  construction  of  all  buildings  within 
the  state  where  the  stone  is  equally  good  and  desirable  for  such 
purposes.  In  the  second  place,  the  quarry  operators  should 
carefully  grade  the  stone  which  they  sell,  permitting  the  use  of 
only  the  best  quality  in  i>()sitions  where  inferior  stone  will  prove 
disastrous  to  the  trade.  Third,  unnatural  competition,  which 
results  in  the  sale  of  inferior  stone  for  a  better  grade,  as  occurred 
in  the  brownstone  industry  a  few  years  ago,  should  stop. 
Fourth,  the  quarries  should  be  better  and  more  fully  equipped 
with  improved  machinery.  In  this  way  stone  might  be  placed 
on  the  market  at  a  much  lower  rate  and  in  better  shape  than  it 
is  at  the  ])resent  time.  Finally,  the  people  of  the  state  ought  to 
have  a  better  appreciation  of  what  is  meant  by  good  building 
stone.  They  ought  to  know  that  often  a  cheap  stone  eventually 
proves  more  expensive  than  one  which  brings  a  higher  price. 
The  public  ought  not  to  be  satisfied  to  erect  public  buildings  out 
of  cheap  stone,  which  is  often  quarried  close  at  hand.  They 
should  demand  a  good  stone,  one  which  is  strong  and  durable. 

If  these  principles  were  carefully  adhered  to,  the  future  of 
our  stone  industry  would  be  practically  assured.  At  least  it 
would  be  placed  upon  a  solid  basis,  and  the  operators  would  be 
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in  a  position  to  know  their  position  with  reference  to  the  da* 
mands  of  the  people.  Wood,  brick,  terra  cotta,  and  iron  have 
encro;4ched  upon  the  stone  industry  to  such  an  extent  that  the 
natural  increase  has  been  greatly  lessened.  Before  brick  was 
largely  used,  the  local  quarries  furnished  a  large  amount  of 
stone  for  the  construction  of  buildings.  In  the  early  days, 
brick  was  more  expensive  than  stone,  but  now,  brick  can  be  man- 
ufactured  so  very  cheaply,  that  it  has  supplanted  to  a  very  large 
extent  the  use  of  stone.  The  relatively  large  amount  of  mortar 
which  is  necessary  in  the  construction  of  a  brick  wall  makes  it 
much  less  durable  than  one  built  of  stone.  A  building 
which  is  constructed  for  centuries  of  permanent  use,  ought  not 
to  be  constructed  out  of  brick.  The  appearance  of  a  building 
is  much  less  pleasing  when  it  is  built  of  brick  than  when  it  is 
constructed  out  of  heavy  stone  masonry.  It  is  to  be  hoped  that 
ill  the  future  our  larger  school  and  college  buildings,  and  in  fact 
all  structures  which  are  built  out  of  public  money,  will  be  of 
stone  and  not  of  brick.  Our  school,  college  and  other  public 
buildings  should  not  be  temporary  structures,  but  should  last  for 
centuries,  and  it  is  to  be  hoped  that  in  the  future  all  such  struc- 
tures will  have  stone  and  not  brick  walls.  Our  works  must  as- 
smne  more  of  the  permanent  and  less  of  the  temporary  aspect, 
if  our  civilization  is  to  be  what  the  optimistically  inclined  pre- 
dict of  it. 

Of  not  the  least  importance  may  be  cited  tlie  educational  value 
of  beautiful  architecture.  The  Cologne  Cathedral  educates  the 
art  of  the  entire  city,  and  inde§d  of  the  world.  The  structures  of 
the  World's  Columbian  Exposition  have  educated  the  nation  as 
to  good  architecture.  All  over  the  country  the  ideas  there  ex- 
pressed are  being  copied.  Every  city  which  owns  a  truly  fine 
building  gets  more  than  its  cost  in  education.  Such  buildings 
as  the  Boston  Public  Library,  Pittsburg  Court  House,  and  many 
others  might  be  mentioned  as  notable  instances.  A  visitor  in 
a  strange  city  always  forms  his  estimate  of  the  progressiveness 
of  the  people  by  the  beauty  of  their  public  and  private  buildings. 

We  want  permanent  structures  that  are  purely  beautiful,  so 
as  to  cultivate  the  people  on  the  aesthetic  side. 
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CHAPTER    I. 


COMPOSITION    AND    KINDS    OF    STONE.— ROCK 

STRUCTURES. 

m'TSODXrCTIOIT. 

In  order  to  understand  tboroiighlv  the  relative  value  of  dif- 
ferent  stones  used  for  building,  monumental,  or  other  purposes, 
one  should  be  familiar  with  the  more  common  mineral  sub- 
stances which  compose  the  more  important  kinds  of  rock.  He 
should  imderstand  not  only  their  mineralogical  composition, 
but  he  should  also  be  familiar  with  the  conditions  under  which 
they  were  formed,  and  the  changes  which  they  have  undergone 
since  their  formation. 

■  To  the  geologist  an  elementary  discussion  of  this  nature  is  en- 
tirely superfluous,  but  for  the  benefit  of  those  who  have  little  or 
no  knowledge  of  geology,  it  is  thought  best  to  insert  at  this  place, 
a  brief  account  of  the  common  minerals,  giving  their  composi- 
tion and  physical  properties,  by  means  of  which  they  may  be  dis- 
tinguished from  one  another.  Following  the  description  of  the 
minerals,  the  more  important  rock  types  are  discussed  and 
characterized. 

Any  general  statements  that  arc  made  in  these  pages  with  ref- 
erence to  the  importance,  abundance,  hardness,  durability,  etc., 
of  different  minerals  or  rocks,  unless  otherwise  stated,  refer  to 
building  stones  as  a  class,  and  not  to  rocks  in  general. 

COMPOSITION   AND    KINDS   OF   STONE. 

MINERALS. 

Any  rock  which  may  be  picked  up  for  examination  is  com- 
posed, as  a  rule,  of  several  different  rainerah  in  a  state  of  ag- 
gregation.    We  may   separate   from  this   rock  any  one  of  the 
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minerals  of  which  it  is  composed  and  by  chemical  means  ascer- 
tain that  ity  in  turn,  is  made  up  of  two  or  more  substances  known 
as  elements.      According  to  Dr.  H.  Erdman  of  Halle  there 
are     seventy-four     known     elements     which     combine      in 
various    ways    to    form    all    known     matter.       The     eight 
most  important,  in  order  of  abimdance,  are  as  follows :  oxygen, 
47.13  per  cent,  silicon,  27.89   per  cent,  aluminum,    8.13    per 
cent.,  iron,  4.71  per  cent,  calcium,  3.53  per  cent,  sodium,  2.68 
per  cent,  magnesium,  2.64  per  cent,  potassium,  2.35  per  cent 
Very  few  of  the  elements  are  found  free  or  uncombined  in 
nature.     They  generally  exist  in  combination  with  one  another 
forming  what  is  known  as  a  mineral  substance.     In  the  neigh- 
borhood of  two   thousand   different   combinations,   known   as 
mineral  species,  have  been  described  and  named.     Many  of  them 
are  very  rare  and  constitute  a  very  inconsiderable  part  of  the 
earth's  crust     More  than  95  per  cent,  of  the  rocks  considered 
in  this  report  are  composed  of  various  combinations  of  fourteen 
minerals. 

Minerals  are  distinguished  from  one  another  by  their  phys- 
ical properties,  crystallization,  and  chemical  composition.  The 
chemical  composition  can  only  be  obtained  by  a  chemical  analy- 
sis. Every  mineral  that  separates  from  a  solution  or  a  molten 
magma  under  conditions  where  the  growth  is  unobstructed,  as- 
sumes a  definite  crystal  shape.  All  minerals,  which  occur  in 
crystals,  crystallize  imder  one  of  six  well  defined  systems. 
These  systems  are  recognized,  in  individual  minerals,  by  the 
number  and  relation  of  the  plane  surfaces  which  boimd  the  crys- 
tals. Thus,  if  we  are  able  to  make  out  in  any  way  the  number 
of  faces  and  their  relation  to  one  another  on  any  mineral,  we 
have  a  means  of  determining  the  mineral  itself.  As  a  rock  con- 
stituent, however,  it  is  seldom  possible  to  determine  the  system 
to  which  a  mineral  belongs  or  its  specie  by  the  crystal  faces. 
The  crystal  faces  belonging  to  the  minerals  of  most  sedimentary 
rocks,  are  usually  entirely  wanting,  and  in  many  of  the  igneous 
rocks  they  are  either  very  imperfect  or  entirely  absent  The 
mineral  individuals  are  often  so  small  that  they  can  only  be  dis- 
tinguished with  the  aid  of  a  microscope. 
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The  outward  crystal  form  is  an  expression  of  a  definite  in- 
ternal structure.  On  account  of  this  structure  each  mineral 
possess  certain  optical  properties  bv  means  of  which  one  can, 
with  the  aid  of  a  compound  microscope,  determine  the  system 
to  which  it  belongs,  and  ordinarily  the  mineral  itself.  In  the 
determination  of  the  crystallization  of  the  minerals  of  a  rock 
the  microscope  is  an  indispensable  auxiliary. 

The  physical  properties,  among  which  are  color,  luster,  hard- 
ness, cleavage,  and  streak,  are  also  valuable  aids  in  the  ready  de- 
termination of  minerals. 

The  hardness  of  a  mineral  is  relatively  constant.  For  con- 
venience all  minerals  arc  referred  to  a  scale  of  hardness  of  ten 
nnits,  composed  of  common  or  well  known  minerals,  which  are 
as  follows:  (1)  talc;  (2)  gypsum;  (3)  calcite;  (4)  fluorite; 
(5)  apatite;  (6)  orthoclase;  (7)  quartz;  (8)  topaz;  (9)  sap- 
phire; and  (10)  diamond.  The  hardness  of  any  mineral  is 
determined  by  its  ability  to  scratch  the  members  of  this  scale. 
The  degree  of  hardness  is  expressed  by  the  number  of  the  min- 
eral in  the  scale,  and  minerals  of  intermediate  hardness  are  ex- 
pressed by  fractions. 

The  capacity  which  some  minerals  have  to  part  more  readily 
in  certain  directions  than  in  others  is  kno\vn  as  cleavage.  A 
mineral  may  possess  cleavage  in  one  or  several  directions.  It 
may  be  well  devcloixHl  in  one  mineral,  and  poorly  developed  in 
others.  The  presence  of  cleavage,  its  perfection,  and  its  rela- 
tion to  the  diflFerent  faces  of  the  crystal  often  furnish  a  valuable 
means  of  identification. 

The  streak  is  the  color  of  the  mineral  when  powdered,  and  in 
the  case  of  the  softer  minerals  is  obtained  by  scratching  a  piece 
of  porcelain  with  the  mineral  which  is  to  be  identified.  As  a 
means  of  determining  the  minerals  of  building  stones,  this 
quality  is  not  important  except  perhaps  in  two  or  three  cases. 

A  mineral  cannot  always  be  dotemiined  bv  a  sinrie  one  of 
these  properties,  and  for  this  reason  they  should  be  used  in  con- 
junction with  one  another. 

The  important  minerals  and  groups  of  minerals  to  be  consid- 
ered in  reference  to  building  stone  are  quartz,  feldspar,  mica, 
28 
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amphibole,  pyroxene,  chlorite,  oliyine,  talc,  calcite,  dolomite, 
magnetite,  hematite,  limonite,  and  pyrite.  The  following  is  a 
short  description  of  these  minerals,  giving  the  composition, 
physical  characteristics  and  appearance  of  each. 

QUABTZ. 

The  chemical  composition  of  quartz  is  silicon  dioxide  (Si  O^) 
which  is  a  combination  of  the  two  most  abundant  known  ele- 
ments, silicon  and  oxygen.  It  is  one  of  the  hardest  of  the  com- 
mon minerals,  being  seven  in  the  scale  of  hardness.  It  will 
readily  scratch  glass  and  most  of  the  other  common  minerals. 
It  possesses  no  ready  cleavage,  having,  as  a  rule  a  conchoidal 
fracture.  As  a  rock-making  constituent,  quartz  is  generally 
colorless,  but  when  found  alone  it  is  frequently  brown,  yellow, 
purple,  milky  white,  or  pink.  Wlien  occurring  alone  or  in 
crystal  aggregates,  the  quartz  individuals  often  have  very  per- 
fect crystal  faces,  but  as  a  rock-making  constituent  the  indi- 
viduals generally  have  round,  oval,  or  irregular  outlines. 

Quartz  is  one  of  the  most  abundant  minerals.  The  glisten- 
ing sand  which  forms  the  bars  in  many  of  the  larger  rivers  ia 
mainly  quartz.  The  white  and  yellow  particles  which  are 
caught  up  by  the  wind  and  eddied  here  and  there  in  small  dunes 
over  some  of  our  farms,  arc  mainly  quartz.  This  loose  sand  is 
largely  a  result  of  the  decomposition  of  sandstone,  which  is  com- 
posed mainly  of  quartz.  Quartzite,  as  the  name  implies,  is 
composed  essentially  of  quartz.  Among  the  igneous  rocks, 
such  as  granite,  rhyolite,  and  gneiss,  quartz  is  a  prominent 
constituent.  Rocks  which  do  not  contain  more  or  less  quartz 
are  the  exception  rather  than  the  rule. 

Among  all  the  common  rock-forming  minerals  quartz  is  the 
most  permanent.  Hydrofluoric  acid  alone  will  dissolve  it.  It 
is  very  hard  and  resists,  to  a  high  degree,  any  attempt  to  break 
or  crush  it.  As  a  result  of  weathering  it  is  often  broken  into 
smaller  particles,  but  it  is  decomposed  and  taken  into  solution 
only  with  exceeding  difficulty. 
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FELDSPAK. 

The  feldspar  group  contains  two  series  of  minerals,  under 
both  of  which  are  included  several  species  and  sub-species.  Cer- 
tain of  the  species  differ  in  the  elements  which  enter  into  their 
composition,  while  others  differ  merely  in  the  percentage  of 
such  elements.  The  two  series  of  minerals  are  known  by  the 
name  of  their  most  common  member,  as  orthoclase  and  plagio- 
clase.  Orthoclase  is  composed  of  an  admixture  of  potassium, 
aluminum,  silicon,  and  oxygen,  with  occasionally  a  small  per- 
centage of  sodium,  (K,  Na)2  Alj  Si^  O^e  (Hintze).  Plagio- 
clase  contains  sodium,  calcium,  aluminum,  silicon,  and  oxygen, 
with  either  one  of  the  following  or  some  intermediate  formula: 
Na2Al2SiflOio, — Ca2Al4  8146 15.  The  two  series  differ  not 
only  in  chemical  composition  but  also  in  their  habit  of  crystalli- 
zation. The  former  crystallizes  in  what  is  known  as  the  mono- 
clinic  system,  while  the  latter  crystallizes  in  the  triclinic  Bys- 
tem. 

A  few  characteristics  will  suffice  to  distinguish  them  from 
other  associated  minerals.  The  color  is  generally  either  pink 
or  white.  The  hardness  is  six  in  the  scale,  being  surpassed, 
among  the  common  minerals,  only  by  quartz.  They  have  two 
very  pronounced  cleavages  at  right  angles  to  each  other,  in  con- 
sequence of  which  they  generally  have  smooth,  glistening  facet. 
Feldspar  is  not  as  widespread  or  abundant  a  constituent  of  build- 
ing stones  as  quartz.  It  is  found  mainly  in  the  igneous  rocka,  al- 
though it  is  often  a  subordinate  constituent  of  sandstone.  It  is 
an  essential  constituent  of  granite,  gneiss,  porphyry,  and  many 
of  the  allied  rocks.  In  fact,  it  is  seldom  absent  from  any  of  the 
igneous  rocks. 

Feldspar  is  a  compound  which  is  decomposed  and  taken  into 
solution  with  less  difficulty  than  quartz,  and  is  seldom  found  in 
the  ancient  rocks  in  a  completely  unaltered  condition.  Its 
ready  cleavage  permits  of  a  more  easy  passage  of  water  in  and 
through  its  entire  mass,  presenting  favorable  conditions  for  slow 
chemical  changes.  The  molecules  are  in  some  manner  slowly 
broken  down,  and  we  have  formed  from  the  feldspar,  by  a  rear- 
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rangement  and  reoombination  of  the  elements,  a  variety  of  dif- 
ferent products,  among  which  may  be  mentioned  kaolin,  quartz, 
chlorite,  mica,  epidote,  sx)isite,  and  calcite.  Decomposition  of 
the  feldspar  takes  place  wherever  it  is  exposed  to  the  action  of 
percolating  water  or  to  the  weathering  action  of  the  atmosphere. 
In  some  manner  these  alterations,  however  slowly  they  act,  must 
eventually  affect  the  strength  and  durability  of  the  rock  of 
which  the  feldspar  forms  a  part. 

laoA. 

As  in  the  case  of  feldspar,  there  arc  several  varieties  of  mica 
differing  from  one  another  either  in  the  combination,  or  in  the 
relative  amounts  of  the  elements  which  compose  them.  The  two 
most  important  species  are  muscovite  and  biotite.  Muscovite 
contains  various  proportions  of  the  elements  hydrogen,  potassi- 
um, aluminum,  silicon,  and  oxygen,  while  biotite  differs  mainly 
in  containing,  in  addition  to  the  above  named  elements,  magne- 
num  and  iron.  The  hardness  of  muscovite  is  2-2.5,  while  that 
of  biotite  is  2.5-3.  Mica  is  distinguished  from  other  associated 
minerals  by  its  easy  and  close  cleavage.  It  has  the  appearance 
of  being  composed  of  very  many  exceedingly  thin,  glossy  sheets, 
piled  one  upon  another.  Each  sheet  or  folio  can  be  scaled  off 
with  the  blade  of  a  pen-knife,  or  often  with  the  finger  nail. 
Biotite  is  generally  black  or  very  dark  brown,  owing  to  the  iron 
in  its  composition.  Muscovite  is  ordinarily  distinguished  from 
biotite  by  its  white  or  silvery  white  color.  The  dark  color  of 
some  rocks  is  largely  due  to  the  abundance  of  biotite  in  their 
composition,  while  many  of  the  gray  granites  owe  their  color 
partially  to  the  presence  of  muscovite. 

Biotite  is  very  slowly  altered  to  other  compounds  by  exposure 
to  the  atmosphere.  The  resulting  products  of  decomposition 
are  iron  oxide,  quartz,  chlorite,  and  a  mixture  of  the  carbonates. 
On  the  other  hand,  muscovite,  under  the  same  conditions,  de- 
composes more  slowly  than  biotite.  The  alteration  of  biotite 
takes  place  along  the  cleavage  planes  or  between  the  laminae, 
which  hasten  decomposition  by  furnishing  a  larger  working  sur- 
face to  the  agents  of  decomposition. 
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Mica  is  an  essential  constituent  of  granite,  gneiss,  and  many 
other  igneous  rocks.  It  also  occurs  to  a  less  extent  in  certain  of 
the  sedimentary  rocks,  of  which  micaceous  sandstone  is  an  ox- 
ample. 

AMPHIBOI^E. 

The  mineral  species  included  under  the  general  name  of  am- 
phibole  are  com})osod  mainly  of  magnesium,  calcium,  silioon, 
iron,  manganese,  and  oxygen,  with  or  without  aluminum.  The 
most  common  species  are  actinolite,  in  which  aluminum  is 
wanting,  and  hornblende  in  which  alimiinum  is  present  The 
hardness  of  tliese  minerals  is  about  that  of  apatite  or  feldspar, 
being  from  5  to  6  in  the  scale  of  hardness.  Actinolite,  as  often 
found  in  the  igneous  rocks,  occurs  in  long  needle-shaped  crys- 
tals, while  hornblende  is  columnar.  The  color  of  these  varieties 
is  usually  green,  brown,  or  black.  Other  varieties  of  amphibole 
are  colorless  to  silver  gray.  The  minerals  of  this  group  differ 
from  those  of  the  pyroxene  group,  to  be  next  described,  only  in 
their  mode  of  crystallization.  For  this  reason  it  is  often  diffi- 
cult to  distinguish  them  from  each  other.  The  prismatic  cleav- 
age is  the  most  useful  distinguishing  characteristic  In  the 
amphiboles  the  angles  of  intersection  are  124^  3(K  and  55°  SCK, 
while  in  the  pyroxenes  the  angles  are  uniformly  nearly  90®. 
The  cleavage  faces  have  a  vitreous  to  pearly  luster. 

Amphibole  is  an  essential  constituent  of  many  granites,  but 
more  especially  of  the  basic  igneous  rocks.  It  is  also  an  abun- 
dant constituent  of  many  schists  and  altered  sedimentaricB. 
The  alteration  products  of  amphibole  depend  upon  the  species 
under  consideration,  but  they  consist  mainly  of  talc,  calcite, 
chlorite,  epidote,  and  quartz.  These  minerals,  in  turn,  may  be 
still  further  decomposed,  as  in  the  case  of  chlorite,  which  breaks 
up  into  **a  mixture  of  carbonates,  clay,  limonite,  and  quarts." 
(Rosenbusch.)  Under  ordinary  conditions  at  the  surface  of 
the  earth,  actinolite  is  a  more  stable  compound  than  oonmioii 
hornblende.  It  must  be  imderstood  that  all  the  changes  re- 
ferred to  take  place  very  slowly. 
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PYBOXENE, 

The  oompoBition  of  the  mineral  species  included  under  the 
general  name  of  pyroxene  is  nearly  the  same  as  that  of  the 
species  included  under  tlie  amphibole  group.  The  individuals 
of  this  group  are  ordinarily  comi^sed  of  one  or  more  of  the  ele- 
ments magnesium,  calcium,  iron,  manganese,  sodium,  and  lith- 
ium, in  comhination  with  silicon  and  oxygen,  with  the  addition 
in  certain  of  the  imiK)rtant  species,  of  aliuninuni,  as  an  essen- 
tial constituent.  The  hardness  varies  from  5  to  0,  but  in  some 
of  the  less  common  species  reaches  as  high  as  7.  The  color  and 
luster  of  the  cleavage  faces  are  essentially  the  same  as  in  the  pre- 
ceding amphibole  group.  As  has  been  previously  observed,  it 
is  difficult  to  distinguish  the  members  of  this  group  from  those 
of  the  preceding.  The  only  ready  means  is  through  a  determin- 
ation of  the  cleavage  angles,  or  a  knowledge  of  the  crystal  forma. 
The  most  important  rock-forming  member  of  this  group  is  an- 
gite,  which  name  is  often  used  synonymously  with  pyroxene. 

Pyroxene  is  mainly  a  constituent  of  igneous  rocks,  being  an 
important  constitiient  of  many  of  the  granites,  gneisses,  and  es- 
pecially of  the  more  basic  rocks. 

Through  the  weathering  processes  pyroxene  is  slowly  decom- 
posed, altering  into  chlorite,  calcitc,  and  epidote.  Under  given 
conditions  pyroxene  weathers  somewhat  more  rapidly  than 
amphibole,  and  for  this  reason  is  considered  a  less  stable  com- 
pound. 

CHLORITE. 

This  group  of  minerals,  in  which  is  included  a  number  of 
species,  is  composed  of  various  combinations  and  proportions  of 
magnesium,  iron,  manganese,  and  aluminum,  with  hydrogen, 
silicon,  and  oxygen. 

The  hardness  of  the  minerals  of  this  group  ranges  from  2  to 
2.7.  The  members  of  the  chlorite  group  are  characterized  by 
their  green  color,  which  is  common  to  silicates  containing  fer- 
rous iron.  In  itself,  chlorite  is  generally  an  alteration  product 
of  some  other  mineral.  It  occurs  in  fibers  and  folia  in  uiRnyLof 
the  old  igneous  rooks  known  as  "greenstone,"  in  which  case  it  is 
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generally  an  alteration  product  of  amphibole,  pyroxene,  feld- 
spar, or  mica,  (^^hlorite  alters  to  a  mixture  of  carbonates,  clay, 
limonite,  aiul  quartz. 

OLIVINE. 

The  olivine  i^roiip  is  now  inoro  correctly  known  as  the  chryso- 
lite group.  The  different  si)ecies  differ  somewhat  in  composi- 
tion, being  composed  of  varying  proportions  of  magnesium,  cal- 
cium, iron,  and  manganese,  in  combination  with  silicon  and 
oxygen.  'J'hc  hardness  ranges  from  6  to  7.  The  predominant 
color  is  what  is  commonly  known  as  olive  green.  The  luster  is 
vitreous.  Olivine  is  a  constituent,  mainly,  of  the  more  basic 
igneous  rocks,  such  as  diabase  and  gabbro.  It  alters  very  ex- 
tensively to  chlorite,  talc,  and  serpentine. 

TALC. 

Talc  is  cx)mposed  of  hydrogen,  oxygen,  iron,  magnesium, 
aluminum,  and  silica,  united  in  different  proportions.  It  is 
usually  foliated,  but  frequently  massive  or  fibrous.  Talc  has  a 
peculiar  greasy  feel  which  furnishes,  as  a  rule,  a  ready  means  of 
distinguishing  it  from  associated  minerals.  The  color  varies 
from  apple  green  to  white  or  silvery  white.  The  luster  is  often 
pearly  on  cleavage  faces.  Talc  is  widely  disseminated  through 
the  igneous  and  metamorphic  rocks. 

CALCITE. 

Calcite  is  composed  of  the  elements  calcium,  carbon,  and  oxy- 
gen. It  is  more  accurately  known  as  calcium  carbonate, 
(CaCOj).  The  hardness  is  3.  Calcite  is  sometimes  dear 
and  transparent,  but  is  more  often  white  or  cloudy.  It  some- 
times contains  impurities  which  impart  a  browii  or  pink  color. 
It  has  a  perfect  cleavage  in  three  directions,  by  means  of  which 
it  breaks  into  small  six-sided  pieces,  with  inclined  faces,  called 
rhombohedrons. 

Calcite  is  often  mistaken  by  the  inexperienced  for  quartz. 
The  color  of  the  two  minerals  is  almost  identical,  but  if  one  will 
bear  in  mind  that  the  hardness  of  calcite  is  3  and  that  of  quarts 
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7,  there  can  be  little  danger  of  confusion.  Furthermore,  cal- 
cite  has  the  perfect  cleavage,  above  mentioned,  which  is  not  pres- 
ent in  quartz.  Calcite  is  an  essential  constituent  of  all  lime- 
stones and  many  sandstones.  It  is  also  a  constituent  of  many 
of  the  igneous  rocks,  being  an  alteration  product  of  other  min- 
erals. The  only  important  alteration  product  of  calcite  is  gyp- 
sum or  the  sulphate  of  calcium.  According  to  Gcikie,  sul- 
phate of  calciimi  frequently  forms  as  an  outer  crust  on  marble 
tombstones,  due  to  the  action  of  sulphuric  acid.  It  is  not 
known  how  general  this  product  may  be,  but  it  appears  very 
probable  that  the  efflorescence  observed  on  many  limestones  may 
be  due  to  the  formation  of  calcium  sulphate. 

DOLOMITE. 

Dolomite  is  composed  of  calcium,  magnesium,  carbon,  and 
oxygen,  and  has  the  formula:  (Ca  Mg)  CO3.  Its  hardness  is 
from  3.5  to  4,  which  is  slightly  above  that  of  calcite.  It  may  be 
distinguished  from  calcite  by  this  quality,  but  more  easily  by 
the  fact  that  it  does  not  dissolve  in  cold,  dilute  hydrochloric 
(muriatic)  acid,  while  calcite  does.  Dolomite  is  found  abun- 
dantly as  a  constituent  of  the  dolomitic  limestones.  The  main 
alteration  is  to  the  sulphate  which  is  commonly  found  at  or 
near  the  exposed  surface  of  dolomitic  limestone. 

MAONETITK. 

Magnetite  is  commonly  known  as  mapictic  iron  ore.  It  is 
composed  of  iron  and  oxygen  and  lias  the  formula :  Fe304.  The 
hardness  is  5.5  to  6.5. 

Magnetite  is  one  of  the  commonest  constituents  of  the  ig- 
neous and  inetamorphic  rocks,  and  is  most  often  present  in 
small  grains  or  crystals  scarcely  visible  to  the  naked  eye.  When 
present  in  larger  individuals  it  is  easily  recognized  by  its  bril- 
liant black  luster  and  the  projjerty  which  it  has  of  being  readily 
attracted  by  the  magnet.  Magnetite  is  not  only  widely  dis- 
seminated in  grains,  crystals,  and  irregular  patches  through  the 
igneous  and  metamorphic  rocks,  but  it  also  occurs  in  large  beds, 
constituting   a  valuable  iron   ore.     Magnetite  alters  slowly   tQ 
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yellowish  brovvTi  limonite  ''which  impregnates  the  surrounding 
rock." 

HEMATiTK,     (Red  hematite.) 

Hematite,  or  iron  sesquioxidc,  is  likewise  composed  of  iron 
and  oxygen,  but  the  proportion  of  the  two  elements  is  differ- 
ent from  that  in  the  magnetite.  The  chemical  composition  of 
hematite  is  FcsOj.  It  has  a  metallic  luster.  The  streak  ia 
red.  The  color  is  generally  steel  gray  to  iron  black  but  aa  a 
rock  constituent  it  is  often  found  in  minute  blood-red  flakes. 
Besides  occurring  as  a  rock  constituent,  it  is  often  discovered 
in  massive  beds,  forming  one  of  the  most  valuable  iron  ores.  It 
often  occurs  as  a  cementing  material  in  sandstone,  binding  to- 
gether the  individual  grains,  and  with  limonite  is  generally  the 
cause  of  the  brown  and  red  o^lor  of  the  sedimentary,  igneous, 
and  metamorphic  rocks.  Hematite  hydrates  very  slowly  to 
limonite. 

LiMoxiTE.     (Brown  hematite.) 

The  chemical  composition  of  limonite  is  the  same  as  that  of 
hematite,  with  the  exception  that  it  contains  water  in  addition 
to  iron  and  oxygen,  (FcjOj  1^/^  H2O).  It  is  found  in  all  kinds 
of  rocks — eruptive,  sedimentary,  and  metamorphic.  It  results 
mainly  from  the  decomposition  of  other  minerals  rich  in  iron. 
As  a  staining  or  coloring  agent,  it  is  probably  more  abundant 
than  red  hematite.  It  also  occurs  in  large  masses,  and  fur- 
nishes a  valuable  iron  ore. 

rVBITK. 

The  chemical  composition  of  pyrito  is  iron  and  sulphur 
(Fe  So).  The  hardness  is  6  to  6.5.  Common  pyrite,  or  pyrite 
proper,  is  recognized  by  its  cubical  shape  and  bright  yellow 
color.  The  less  common  form  of  iron  sulphide,  known  as  mar- 
casite,  has  a  much  lighter,  almost  gray  color,  and  is  softer  than 
common  pyrite.  The  occurrence  of  iron  sulphide  in  both  forms 
is  very  wide  spread,  being  found  alike  in  eruptive,  sedimentary, 
and  metamorphic  rocks.       Both  compounds  decompose  rather 
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readily,  but  pyrite  proper  is  less  affected  by  atmospheric  con- 
ditions than  niarcasite.  This  is  due  to  the  fact  that  much  of 
the  iron  in  the  marcasito  exists  in  the  ferrous  state,  while  that 
in  the  pyrite  is  more  largely  in  a  ferric  condition.^  Under  the 
same  conditionp,  the  ferric  compounds  are  much  more  stable 
than  the  ferrous,  an<l  hence  the  greater  readiness  with  which 
the  marcasitc  (lecomj.K)8es.  The  decomposition  products  of  the 
two  minerals  also  differ  to  some  degree.  The  decomposition  of 
pyrite  results,  as  a  rule,  in  the  formation  of  limonite  and  free 
sulphur,  while  that  of  marcasite  results  in  the  formation  of  fer- 
rous sulphate,  although  when  xmder  water  limonite  is  also 
largely  formed. 

BOCKS. 

A  rock' is  ordinarily  defined  as  a  mineral  aggregate.  It  con- 
sists of  individuals  of  one  or  morc^  mineral  species  in  which  the 
particles  are  either  cemented  together  or  otherwise  consolidated. 
Rocks  are  ordinarily  classified,  on  the  basis  of  their  origin,  into 
igneous,  aqueous  (or  sedimentary),  and  metamorphic.  This 
basis  of  classification  is  not  altogether  satisfactory  to  the  student 
of  geology,  but  is  convenient  for  the  purposes  of  this  volume. 

The  important  rocks  from  an  economic  standpoint,  which  are 
found  in  this  state,  may  be  classifie<l  us  follows : 

IGNEOUS. 

Granite. 

Rhyolite.     (Quartz  porphyry.) 

Greenstone. 

SEmMKNTABY. 

Sandstone. 
Limestone. 
Dolomite. 

METAMORPIIIC. 

Quartzite. 
Gneiss. 
It  must  be  understood  that  this  classification  is  very  general, 
and  that  between  the  few  kinds  of  rocks  mentioned,  many  diffep- 
»Mr.  A.  P.  Brown,  Proc.  Amer.  Phil.  Soc.,  Vol.  XXXIIL,  1894,  p. 
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ent  varieties  have  been  distinguished  and  named.  There  exist 
all  gradations  between  the  rocks  of  the  sedimentary  series  as 
well  as  between  the  rocks  of  the  igneous  series.  Each  rock  type 
passes  by  insensible  gradations  into  the  adjacent  type  of  the 
Beries  to  which  it  belongs.  Likewise,  there  are  all  gradations 
between  the  igneous,  aqueous,  and  metamorphic  rocks. 

IGNEOUS  ROCKS. 

Igneous  rocks,  as  the  name  implies,  are  those  rocLs  which 
have  had  their  origin  in  the  cooling  and  consolidation  of  molten 
material.  Provided  we  accept  the  hypothesis  that  the  earth 
was  at  one  time  a  molten  mass,  which  has  subsequently  cooled, 
igneous  rocks  may  be  either  a  result  of  the  downward  cooling  of 
the  earth's  crust,  or  a  result  of  the  consolidation  of  molten  ma- 
terial which  has  been  pushed  up  from  below  into  or  through  the 
already  cooled  crust. 

These  rocks  exhibit  raanv  different  characteristics.  The 
different  conditions  undqr  which  the  molten  material  solidifies 
and  differences  in  the  chemical  composition  of  the  original 
magma  are  the  main,  controlling  factors  in  producing  differ- 
ences in  the  mineralogical  composition  and  the  size  and  ar- 
rangement of  the  grains.  Upon  these  differences  in  mineralog- 
ieal  composition  and  size  and  arrangement  of  the  individual 
grains,  several  different  classifications  of  igneous  rocks  have 
arisen.  Xone  of  these  classifications  has  been  generally  ac- 
cepted as  satisfactory.  It  would  be  entirely  out  of  place  to  de- 
seribe  all  of  the  manv  different  kinds  of  rock  included  in  anv 
one  of  these  classifications.  It  is  thought  that  only  a  descrip- 
tion of  the  more  important  kinds  found  in  the  state  of  Wiscon- 
sin, which  are  now  used  for  economic  purposes,  is  necessary. 
These  are  granite,  rhyolitc,  and  greenstone. 

Oranite. 

Granite  is  supposed  to  form  deep  below  the  surface  of  the 
earth,  under  peculiar  conditions  of  heat  and  pressure,  whereby 
the  elements  of  the  molten  magma  are  allowed  to  enter  into 
various  combinations,  forming  minerals   having  definite  char- 
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acteristics.      The  rock  thus  formed  is  completelj  crystalline, 
and  composed  of  the  essential   constituents  quartz,  orthodase 
feldspar,  and   plagioclase  feldspar,  with  one  or  more  minerals 
from  the  mica,  pyroxene,  or  amphibole  series.     Magnetite,  py- 
rite,  zircon,  apatite,  and  a  number  of  less  important  microscopic 
minerals  are  present  as  accessory  constituents.     The  minerals, 
as  a  rule,  have  irregular  outlines  and  interlock  in  a  very  intri- 
cate manner,  each  of  the  individuals  having  very  much  the  ap- 
pearance of  being   irr^ularly  dove-tailed  into  those  adjacent 
This  interlocking  character  of  the  minerals   accounts  for  the 
fact  that,  as  a  rule,  an  individual  can  only  be  separated  from  the 
mass  of  the  rock  by  severing  it  at  some  part     This  characteris- 
tic of  igneous  rocks  also  accounts,  in  part,  for  their  strength  and 
the  difficulty  which  stone  cutters  experience  in  working  theuL 

In  certain  of  the  granites  the  essential  mineral  constituents 
are  very  small,  being  distinguisable  only  by  the  aid  of  a  lens. 
Such  a  granite  is  generally  designated  as  fine  grained.  Ll 
others  the  essential  constitiients  are  often  as  much  as  a  quarter 
or  even  a  half  an  inch  in  diameter.  These  are  spoken  of  as  be- 
ing either  coarse  or  very  coarse  grained.  Between  the  two  ex- 
tremes there  are  all  degrees  of  coarseness  (or  fineness).  Fre* 
quently  a  granite  is  found  in  which  certain  of  the  feldspar  in- 
dividuals arc  very  large  and  stand  out  boldly  in  a  fine  grained 
groundmass.     Such  a  rock  is  called  a  porphyritic  granite. 

Granites  arc  discriminated  from  one  another  by  the  predom- 
inant ferro-magnesium  mineral  among  their  constituents,  and 
are  known  as  biotite-granite,  muscovite-granite,  hornblende- 
granite,  aupitc-granite,  etc. 

The  color  of  granite  differs  greatly  in  different  localities. 
The  color  depends,  not  alone  upon  the  color  of  the  individual 
minerals  composing  the  rock,  but  also  ujxjn  the  size  and  distri- 
bution of  the  constituents.  With  respect  to  color,  granites  may 
be  classified  as  red  and  gray.  Whether  a  granite  belongs  to  the 
first  or  second  class  will  depend  upon  the  red  or  white  color  of 
the  feldspar.  Many  granites  contain  both  red  and  white  feld* 
spar,  but  so  long  as  the  red  variety  is  sufficiently  abundant  to 
impart  a  reddish  tone  to  the  rock,   it  is  called  a  red  granite. 
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The  most  brilliant  red  granites  have  a  preponderance  of 
medium-sized  red  feldspar  individuals.  As  the  individuals  be- 
come finer  grained  and  biotite,  amphibole,  or  pyroxene  become 
more  abundant,  the  color  is  subdued  and  we  have  a  dull  red 
granite. 

The  gray  granites  are  dark  or  light  colored,  depending  upon 
the  size  of  the  individual  minerals  and  the  amount  and  kind  of 
the  ferro-magnesian  minerals  present.  The  lightest  colored 
granite  has  a  preponderance  of  white  feldspar  and  contains 
muscovite  as  the  main  ferro-magnesian  mineral.  The  darker 
gray  granites  contain  less  feldspar  and  a  greater  abundance  of 
biotite,  hornblende,  or  pyroxene.  Occasionally  one  finds  a 
granite  which  has  a  peculiar  iridescent  hue,  which  is  due  to  the 
presence  of  one  of  the  plagioclase  feldspars,  usually  labradorite. 

Granite  is  generally  massive,  but  occasionally  one  finds  a 
quarry  in  which  the  rock  splits  in  one  direction  much  more 
readily  than  in  others.  This  direction  is  known  by  quarry-men 
as  the  rift  When  it  becomes  very  pronounced  and  wavy  the 
granite  is  known  as  a  gneiss,  and  should  be  classified  under  the 
metamorphic  series. 

Granite  is  fresh  or  altered,  depending  upon  the  state  of 
preservation  of  the  mineral  constitiients.  The  more  comimon 
alterations  to  which  the  various  rock  forming  minerals  are  sub- 
ject have  been  mentioned  above.  One  can  readily  see  that  the 
alteration  and  decomposition  of  the  individual  minerals  would, 
in  time,  result  in  a  breaking  do\vn  or  crumbling  of  the  rock  it- 
self. The  degree  of  alteration  and  the  alteration  products  as 
they  affect  the  durability  of  a  rock  will  be  considered  later. 

Rhyolile, 

The  rocks  which  have  been  placed  under  this  subdivision 
have  essentially  the  same  chemical  composition  as  granite. 
They  differ  mainly  m  texture  and  mineralogical  composition^ 
occasioned  by  the  entirely  different  conditions  under  which  they 
have  been  formed.  In  centra-distinction  to  the  granites,  which 
are  forined  deep  below  the  surface,  these  roclu  are  formed  at  or 
near  the  surface  of  the  earth. 
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Porphyritic  rhjolite,  commonly  known  as  qnartx  porphyry, 
is  the  only  variety  of  this  kind  of  rock  which  we  have  oocasMi 
to  consider.     In  this  rock,  quartz  and  feldspar  are  the  first  min- 
erals to  crystallize  out  from  the  magma,  and  constitute  the  por- 
phyritic elements  m   the  rock.     Sometimes  feldspar  alone  is 
present,  and  again  both  quartz  and  feldspar  are  found  among 
the  porphyritic  individuals.     The  remainder  of  the  magma  is 
supposed  to  have  cooled  so  rapidly  as  to  permit  of  only  fine 
grained  or  partial  crystallization.     The  rock,  as  a  rule,  has  a 
dark,  dense  background,  tlirough  which  are  disseminated  num- 
erous large,  lustrous  crystals  of  feldspar  or  quartz,  or  frequently 
both.     These  porphyritic  constituents  of  rhyolite  generally  dif- 
fer from  those  of  granite  in  having  well  defined  crystal  out- 
lines.    The  matrix  of  porphyritic   rhyolite,  as  it  now  occurSi 
is  often  composed  of  a  dense  mass  of  microscopic  crystals  of 
quartz  and  feldspar.     In  other   instances  the  matrix  may  be 
entirely  or  in  part  amorphous. 

The  color  of  the  Wisconsin  rhyolites  used  for  building  stone 
ranges  from  yellowish  brown  to  black.     A  very  pleasing  effect  is 
sometimes  produced  by  a  black  groundmass  through  which  are 
promiscuously  scattered  porphyritic  crystals  of  pink  and  white 
feldspar  and  clear,  translucent  individuals  of  quartz.     Bhyolite 
is  an  exceedingly  hard  and  brittle  rock,  often  breaking  with  a 
conchoidal  or  splintery  fracture.     The  rock  very  often  exhibits 
a  tendency  to  split  more  readily  in  one  direction  than  in  others. 
Frequently  there  are  two  directions  of  easy  parting,  one  being 
better  developed  than  the  other.     The  direction  of  easiest  part- 
ing is  known  by  quarrymen  as  the  "rift ;"  the  direction  of  next 
easiest  parting  has  been  designated   the  "run."     The  third  di- 
rection is  known  as  the  "head."     The  rift  may  be  the  result  of 
flowage  planes  developed  before  the  rock  was  completely  solidi- 
fied ;  it  may  have  been  occasioned  by  alterations  since  the  forma- 
tion of  the  rock ;  or  it  may  be  a  result  of  both.     The  rift  and  run 
assist  very  materially  in  quarrying  the  rock,  but  the  rift  is  often 
a  serious  obstacle  to  satisfactory  polishing.  The  rift  side  is  the 
direction  of  the  longest  axis  of  the  flattened  minerals,  and  the 
exceptional  closeness  of  the  parting  planes  is  a  cause  for  the  dif- 
ficulty experienced  in  polishing  the  rock  with  the  rift. 
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Greenstone. 

In  the  nomenclature  of  igneous  rocks  the  name  "greenstone" 
has  no  definite  significance,  having  been  applied  to  almost  any 
rock  which  has  a  green  color.  The  main  kinds  of  greenstone 
in  Wisconsin  which  might  be  used  as  building  material  are 
known  as  diabase,  gabbro,  and  basalt  Those  rocks  have,  as  their 
main  constituents,  plagioclase  feldspar,  amphibole,  mica,  and 
pyroxene.  All  of  the  three  last  may  or  may  not  be  present  To 
these  essential  constituents  may  be  added  from  ten  to  twelve 
accessory  minerals,  some  of  which  are  present  in  each  kind  of 
rock. 

Diabase  is  one  of  the  most  abimdant  and  widespread  igneous 
rocks  in  Wisconsin,  being  found  in  hugo  bosses,  dikes,  and  sills. 
It  is  formed  originally  within  the  crust  of  the  earth,  and  is  dis- 
tinguished from  the  other  members  of  the  family  by  the  texture 
known  as  ophitic  This  texture  may  be  either  macroscopic  or 
microscopic.  The  rock  is  usually  fine  to  medium  grained,  and 
seldom  has  a  porphyritic  texture.  It  is  generally  compact  and 
thoroughly  homogeneous.  The  color  of  diabase  is  decidedly 
somber,  being  dark  green  and  sometimes  almost  black. 

2'he  gabbro  member  of  the  family  is  distinguished  from  dia- 
base by  its  granolithic  texture,  which  is  always  microscopic. 
The  mineralogical  composition,  color,  and  occurrence  are  quite 
analogous  to  that  of  diabase. 

Basalt  is  commonly  a  volcanic  rock.  It  is  sometimes  com- 
pletely crystalline  and  at  other  times  partly  glassy.  The  tex- 
ture at  times  approaches  microgranolithic.  The  mineralogical 
composition  and  color  correspond  quite  closely  with  the  two  pre- 
viously described  members. 

It  will  be  noted  that  the  constituents  of  the  greenstones  are 
among  the  more  readily  decomposed  and  disintegrated  minerals. 
For  this  reason,  and  on  account  of  the  dark,  somber  color  of  the 
rock,  they  are  not  generally  sought  after  as  building  stones. 

AQUEOUS  OB  8EDIHENTABT  BOCKS. 

The  sedimentary  rocks  have  their  origin  in  chemical  or  or- 
ganic precipitation  and  mechanical  deposition  from  water.  If 
it  were  possible  to  trace  back  the  history  of  the  material  00m- 
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posing  the  sedimentary  rocks  to  its  original  source,  one  would 
find  that  a  largo  part  had  its  origin  in  the  igneous  rocks  of  long 
ago.  The  rivers  are  constantly  transporting  millions  upon  mil- 
lions of  tons  of  finely  commimited  material  from  the  land  into 
the  sea.  Millions  of  tons  are  also  being  carried  in  solution. 
The  waves,  beating  upon  the  shore,  are  steadily  wearinc:  it  back 
by  breaking  down  the  rocks  along  the  coast  The  shoro  cur- 
rents, waves,  and  tides  assort  the  material  which  is  worn  from 
the  coast  and  that  which  is  brought  into  the  ocean  by  the  rivers, 
depositing  it  over  the  bed  of  tlie  ocean  near  the  land.  The 
ooarsest  material  is  dropped  nearest  the  shore,  while  the  finer 
material  is  carried  into  deeper  water.  The  ocean  is  inliabited 
by  myriads  of  animals  and  plants  that  are  continually  extract- 
ing calcium  carbonate  and  silica  from  the  water,  to  build  their 
shells  and  skeletons.  As  these  creatures  die  their  shells  are 
added  to  the  accumulations  at  the  bottom  of  the  ocean,  and  in 
many  places  they  become  so  abundant  that  they  form  a  large 
part  of  the  deposit 

Beside  calcium  carbonate  and  silica,  which  are  the  substances 
mainly  used  in  building  the  shells  of  marine  animals,  the  water 
carries  in  solution  many  other  soluble  mineral  substances. 
These  are  also  often  precipitated  to  the  bottom  of  the  ocean, 
mingling  themselves  with  the  mechanical  sediments  and  organic 
remains.  Through  these  various  agencies  four  principal  kinds 
of  sediments  are  formed — conglomerate,  sandstone,  shale,  and 
limestone  or  dolomite.  These  deposits  are  not  sharply  sep- 
arated from  one  another,  but  between  them  every  possible 
gradation  may  be  found. 

Conglomerate. 

Close  to  the  shore  line  the  coarser  pebbles  and  bouldei's,  which 
have  been  worn  away  from  the  cliflfs  of  the  adjacent  coast,  are 
laid  down.  These  pebbles  are  generally  well  rounded  and  in 
the  spaces  between  the  individuals  finer  material  settles  until 
the  whole  becomes  a  compact,  solid  mass.  This  interstitial  ma- 
terial is  kno^vn  as  the  matrix,  and  is  generally  either  sand  or 
day.  When  such  a  deposit  has  been  buried  underneath  many 
thousand   feet  of  other  sediments,  it  becomes  consolidated  and 
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forms  rock  conglomerate.  After  many  centuries,  through  ele- 
vation and  subsequent  wasting  away  of  the  land,  the  conglomer- 
ate thus  formed  may  emerge  again  at  the  surface  as  a  part  of  the 
continental  land  mass. 

Where  the  pebbles  are  comparatively  uniform  in  size  con- 
glomerate is  sometimes  used  for  economic  purposes.  But  as  a 
rule  the  decided  difference  in  texture  and  hardness  between  the 
different  pebbles  and  between  the  pebbles  and  the  matrix,  is  a 
fatal  objection  to  its  use  as  a  building  stone.  It  sometimes 
serves  as  a  beautiful  stone  for  inside  ornamental  work,  where  it 
is  protected  from  the  destructive  action  of  the  weather.  There 
are  no  conglomerates  in  this  state  of  recognized  economic  value, 
and  we  shall  therefore  pass  them  without  further  discussion. 

Sandstone, 

The  next  distinct  deposit  beyond  the  conglomerate  belt  and  in 
deeper  water  is  that  composed  of  small  particles  of  sand.  After 
the  sand  is  deeply  buried  beneath  later  sediments  and  the  inter- 
stices become  filled  or  partly  filled  with  materials  deposited 
from  percolating  waters,  the  incoherent  sand  is  transformed 
into  a  rock  known  as  sandstone. 

The  composition  of  sandstone  varies  quite  largely,  but  in  all 
cases  the  preponderant  original  constituent  is  round  to  sub- 
angular  grains  of  quartz.  Feldspar  or  calcite  may  constitute 
a  conaiderable  portion  of  the  rock,  in  which  case  it  is  called 
either  a  feldspathic  or  calcareous  sandstone.  Clay  may  be  so 
intermingled  with  the  quartz  grains  as  to  give  the  rock  the  name 
argillaceous  sandstone.  Mica  may  also  he  abundant,  and  the 
rock  is  then  called  a  micaceous  sandstone. 

The  original  grains  which  compose  the  rock  generally  have 
roundish  outlines,  owing  to  their  having  been  water-worn.  The 
individuals,  therefore,  do  not  interlock  as  in  the  case  of  the  ig- 
neous rocks.  When  first  deposited  small  spaces  exist  between 
the  grains,  but  due  to  consolidation  from  superincumbent  pres- 
sure, these  spaces  may  be  reduced  in  size,  and  through  cementa- 
tion they  are  either  partly  or  wholly  filled  by  material  from  ex- 
traneous sources. 
29 
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The  kind  of  cementing  material  which  binds  together  the 
grains  will  depend  largely  upon  the  mineral  matter  carried  in 
solution  by  the  water,  which  has  percolated  through  the  rocks^ 
although  the  mineral  particles  composing  the  rock  may  con- 
tribute largely  to  the  force  which  occasions  precipitation  of  the 
cementing  material.  The  more  important  cementing  materials 
are  calcium  carbonate,  iron  oxide,  and  silica. 

It  is  evident  that  the  hardness  of  a  rock  depends  upon  the 
state  of  aggregation,  as  well  as  upon  the  hardness  of  the  indi- 
viduals composing  the  rock.  The  hardness  of  quartz  is  7,  but 
this  is  not  the  hardness  of  a  rock  composed  entirely  of  an  aggre- 
gate of  quartz  grains.  The  hardness  of  the  rock  will  depend 
more  upon  the  manner  in  which  the  grains  are  cemented,  or 
imited,  and  the  character  of  the  cementing  material.  The  effi- 
ciency of  the  cement  will  depend  not  only  upon  its  inherent 
characteristics,  but  also  upon  the  affinity  which  exists  between 
the  grains  and  the  cement  The  hardest  and  most  durable 
cement  is  silica.  A  sandstone  in  which  the  individuals  are 
completely  cemented  with  silica  is  one  of  the  hardest  and  most 
durable  rocks.  Sandstone  in  which  the  cementing  material  is 
calcium  carbonate  is  softer  and  less  durable  than  the  former. 
Calcite  is  one  of  the  softest  of  the  important  minerals  of  build- 
ing stone  and  breaks  very  readily  into  small  pieces,  due  to  its 
cleavage.  It  is  also  quite  readily  dissolved  in  carbonated 
waters.  A  sandstone  in  which  the  individuals  are  cemented  with 
iron  oxide  is  less  strong  than  one  cemented  with  either  silica  or 
calcite.  As  a  rule,  iron  oxide  is  the  least  important  of  the  three 
cements.  Writers  are  constantly  classifying  iron  oxide  as  a 
more  durable  cement  than  calcite,  probably  drawing  their  con* 
elusions  from  the  durability  of  the  brown  sandstone.  But  the 
most  durable  brown  sandstone,  such  as  occurs  in  Wisconsin  is 
mainly  cemented  with  silica  and  not  iron  oxide.  The  value  of 
the  iron  oxide  is  mainly  in  imparting  to  the  rock  the  beautiful 
shades  of  red  and  brown,  for  which  much  of  the  Wisconsin 
sandstone  is  noted.  Thus  it  happens  that  errors  have  fre- 
quently been  made  concerning  the  relative  importance  of  silica 
calcite,  and  iron  oxide  as  cementing  materials. 
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Any  estimate  of  the  hardness  or  durability  of  a  rock  should 
take  into  consideration  the  conditions  of  cementation.  In  com- 
paring the  hardness  and  durability  of  sandstone,  the  relative 
amount  of  cementing  material,  the  size  of  the  grains,  and  the 
completeness  with  which  the  cement  has  filled  the  interstices,  as 
well  as  the  kind  of  cement  and  mineral  constituents,  should  be 
taken  into  consideration. 

Alterations  of  sandstone  are  mainly  the  result  of  additions  or 
subtractions  of  mineral  matter,  usually  silica.  Quartz,  as  has 
been  previously  stated,  does  not  alter,  although  small  amounts 
may  be  taken  into  solution  and  carried  away  by  percolating 
water.  The  cementing  materials  and  the  subordinate  constitu- 
ents, such  as  feldspar,  mica,  calcite,  and  iron  oxide  (or  sul- 
phide), are  alone  subject  to  alteration  in  the  sense  of  decompo- 
sition. Feldspar  and  mica  break  down  into  their  various  al- 
teration products,  and  calcite  is  often  dissolved  and  reprecipi- 
tated  as  the  sulphate.  Ordinarily  iron  oxide,  in  the  form  of 
hematite,  is  reasonably  stable ;  in  the  form  of  the  carbonate  or 
sulphide,  it  is  readily  decomposed  and  becomes  a  source  of  un- 
sightly discoloration. 

Shale. 

In  deeper  water  but  mainly  in  the  shallows  of  the  ocean, 
beyond  the  sandstone  belt,  still  finer  sediments  are  deposited  in 
the  form  of  clay.  These  deposits,  after  passing  through  the 
ordinary  process  of  consolidation,  are  also  transformed  into  a 
rock,  which  is  known  as  shale.  These  rocks  have  no  economic 
importance  in  Wisconsin  and  will  not  be  further  considered. 

Limestone  and  Dolomite. 

Beyond  the  clay  there  occurs  a  deposit  of  calcium  carbonate 
or  calcium  magnesium  carbonate  (CaCOg  or  CaMgCOg). 
This  deposit  is  composed  largely  of  the  shells  of  marine  animalB 
in  conjunction  with  calcium  carbonate  resulting  from  chemical 
precipitation.  This  deposit,  as  in  the  case  of  those  previously 
described,  is  consolidated  and  transformed  into  rock  through 
the  pressure  of  superincumbent  deposits  and  the  addition  of 
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cementing  material  from  percolating  water.  This  rock,  like  the 
former,  may  be  brought  to  the  surface  as  a  part  of  the  land  and 
is  known  either  as  limestone  or  dolomite,  depending  upon  the 
percentage  of  magnesium  carbonate  present. 

The  method  of  formation  of  the  dolomitic  limestone  has 
been  the  subject  of  a  great  deal  of  discussion.  Some  authori- 
ties attribute  it  entirely  to  secondary  processes  after  the  lime- 
stone is  deposited,  while  others  assert  that  it  can  only  be  ac- 
<50unted  for  by  contemporaneous  chemical  precipitation  and  the 
extraction  of  (CaMg)  CO3  by  living  organisms.  The  prob- 
ability is  that  both  original  and  secondary  processes  have  con- 
tributed to  its  formation.  In  one  place  chemical  precipitation 
may  have  been  the  chief  agent,  while  in  another  it  may  have 
been  the  result  of  secondary  processes.  In  other  places  both 
agencies  may  have  been  equally  operative. 

The  chemical  composition  of  pure  limestone  is  calcium  car- 
bonate, a  combination  of  the  elements  calcium,  carbon,  and  oxy- 
gen. It  is  seldom  that  limestone  occurs  in  the  pure  state 
among  the  rock  formations  of  Wisconsin.  Magnesium,  silica, 
clay,  iron  oxide,  and  bitumen  are  all  of  common  occurrence. 
By  far  the  most  abundant  of  these  accessory  constituents  is 
magnesium  in  the  form  of  dolomite  (Ca  Mg)  C03. 

Owing  to  the  presence  of  magnesium  in  large  quantities  in 
certain  of  the  limestones,  authors  have  been  accustomed  to  ap- 
ply the  name  dolomite  to  limestone,  which  contains  a  certain 
percentage  of  Mg  CO3,  ranging  from  18  per  cent,  to  40  per 
cent.,  depending  upon  the  writer.  The  term  dolomite  has  such 
a  varied  meaning  and  has  been  used  so  loosely  by  different  au- 
thors, that  it  would  avoid  confusion  if  some  definite  usage  for 
it  was  established  in  the  nomenclature  of  rocks.  For  scientific 
as  well  as  practical  purposes,  it  would  be  best,  as  far  as  possible, 
to  distinguish  limestone  and  dolomite  as  different  kinds  of  rock. 
If  the  rock  is  essentially  pure  calcium  carbonate,  it  should  be 
called  a  limestone.  If  the  rock  is  essentially  calcium-magne- 
sium carbonate,  it  should  be  termed  a  dolomite.  If  the  dolo- 
mite becomes  important,  but  not  predominant,  the  limestone 
should  be  known  as  dolomitic  or  magnesian  limestone.     If  the 
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percentage  of  calcium  carbonate  is  less  than  that  of  the  calcinm 
magnesium  carbonate  the  rock   should  be  called  a  calcareous 

dolomite. 

There  are  all  gradations  between  the  rocks  in  which  the  chem- 
ical composition  is  pure  limestone,  calcium  carbonate,  and  those 
in  which  the  chemical  composition  is  pure  dolomite.  The 
stone  may  be  a  limestone,  a  dolomitic  limestone,  a  calcareous 
dolomite,  or  a  dolomite.  Either  may  be  qualified  by  affixing  the 
name  of  the  most  abundant  subordinate  constituent.  If  this 
subordinate  constituent  chances  to  be  clay,  the  rock  would  be  an 
argillaceous  limestone  or  dolomite ;  if  iron,  a  ferruginous  lime- 
stone or  dolomite ;  if  bitumen,  a  bituminous  limestone  or  dolo- 
mite. Silica  often  occurs  either  as  original  grains  of  quartz  or 
as  a  product  of  infiltration.  It  may  be  almost  equal  in  impor- 
tance to  that  of  calcium  carbonate  and  in  such  case  the  rock 
might  with  equal  propriety  be  called  an  arenaceous  limestone  or 
a  calcareous  sandstone.  Iron  is  frequently  a  subordinate  con- 
stituent, either  as  the  carbonate,  oxide,  or  sulphide.  If  pres- 
ent in  any  considerable  quantity  the  rock  is  known  as  a  fer- 
ruginous limestone.  Iron  is  a  cause  of  the  discoloration  of 
many  of  the  limestones,  after  being  placed  in  the  walls  of  the 
buildings.  Oxide,  in  the  ferric  form,  is  not  liable  to  cause 
discoloration  after  the  stone  is  placed  in  the  wall,  but 
when  the  iron  is  present  as  the  carbonate  of  sulphide,  it  may,  in 
the  case  of  limestone,  not  only  be  a  source  of  discoloration,  but 
also  injure  the  texture  of  the  rock.  The  sulphide  of  iron,  as  pre- 
viously mentioned  imder  the  description  of  mineral  species,  is 
found  in  the  form  of  pyrite  and  marcasite.  Hopkins,  in  his  re- 
port on  the  marbles  of  Arkansas  (p.  60)  says:  "The  sulphide 
of  iron  is  more  liable  to  decomposition  when  it  is  in  the  form  of 
marcasite  than  in  the  form  of  yellow  pyrite,  and  is  less  destruc- 
tive in  dry  places  than  in  moist  ones,  as  in  the  presence  of  moist- 
ure it  not  only  forms  the  oxide  known  as  iron  rust,  but  it  at  the 
same  time  produces  sulphurous  and  sulphuric  acids  which  act  on 
the  lime,  changing  it  to  sulphate  of  lime  or  gypsum.  Often 
the  only  effect  of  iron,  if  present  in  very  small  quantities,  is  to 
mellow  the  stone,  producing  a  yellow  tint  with  age.** 
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Clay  may  occur  in  the  limestone  either  as  thin  laminae  be- 
tween the  layers,  as  segregations,  or  disseminated  in  fine  parti- 
cles throughout  the  stone.  An  admixture  of  clay  has  a  tendency 
to  soften  the  limestone,  thereby  making  it  less  durable.  If 
present  in  thin  laminse  or  in  pockets  it  will  soon  be  noticeable 
by  the  greater  rapidity  with  which  it  weathers.  The  surface 
will  weather  unevenly  and  soon  become  ragged  and  pitted. 

Bitumen,  either  as  petroleum  or  carbonaceous  matter,  is 
often  an  accessory  constituent  and  imparts  to  the  rock  a  black 
color  and  a  fetid  odor.  The  injurious  effect  of  bitumen  de- 
pends largely  upon  the  amount  present.  It  is  objectionable,  in. 
any  considerable  quantity,  on  account  of  its  odor  and  the  dis- 
coloration which  it  occasions.  Frequently  limestone  forma- 
tions are  reservoirs  of  great  mineral  wealth.  Lead,  zinc,  cop- 
per, and  mineral  fuels  are  found  in  limestone  formations. 
These  minerals  sometimes  furnish  qualitative  names  to  the 
limestone,  such  as  the  "Galena"  limestone. 

Abysmal  Deposits. 

In  the  abysmal  parts  of  the  ocean,  various  deposits  of  ooze 
are  now  being  formed,  but  it  is  thought  that  these  have  never 
contributed  to  the  formation  of  the  rocks  of  the  continent. 

METAMORPHIC  ROCKS. 

The  metamorphic  rocks  are  modified  equivalents  of  the  rocks 
of  both  the  igneous  and  sedimentary  series,  which  have  been 
profoundly  altered  through  dynamic  and  other  agencies  since 
they  were  first  formed.  Every  rock  in  the  igneous  and  aqueous 
series  has  its  equivalent  in  the  metamorphic  series.  Among 
these  rocks  may  be  mentioned  gneiss,  which  may  be  an  altera- 
tion product  of  either  igneous  and  aqueous  rocks,  quartzite, 
which  results  from  the  induration  of  sandstone,  and  marble 
which  is  the  metamorphosed  equivalent  of  limestone. 

The  metamorphic  rocks  used  as  building  stone  in  Wisconsin 
are  mainly  gneiss  and  quartzite.  Certain  of  the  limestones  and 
dolomites  approach  very  close  to  marble,  but  they  have  not 
been   classified   separately   in   this    report.     The   gneiss    and 
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•quartzite  have  both  been  used  to  a  limited  extent  for  ornamental 
and  constructional  purposes,  but  the  abundance  of  much  more 
suitable  piaterials  among  the  immetamorphosed  rocks  has  re- 
tarded their  development. 

Qtiartzite, 

When  sandstone  has  been  subjected  to  metamorphic  processes, 
through  many  years,  it  is  transformed  into  either  a  quartzite  or 
a  quartz  schist.  Quartz  schist  results  from  alteration  combined 
with  mechanical  deformation,  by  which  a  cleavage  or  schistosity 
is  developed.  Quartzite  is  composed  almost  entirely  of  quartz, 
and  differs  from  quartz  schist  simply  in  the  absence  of  the  lam- 
inated or  schistose  structure.  In  these  rocks  the  grains  of 
sand  have  largely  lost  their  original,  roundish  shape,  and  now 
interlock  in  an  intricate  manner,  much  after  the  fashion  of  the 
grains  of  an  igneous  rock.  Quartzite  is  composed  essentially  of 
quartz,  and  the  cementing  material  is  silica.  Iron  oxide  is 
often  present,  imparting  to  the  rock  a  red  or  brown  color.  Fre- 
quently other  very  subordinate  constituents  are  associated  with 
the  quartz.  The  color  varies  through  white,  gray,  red,  blue,  or 
brown. 

Quartzite  is  an  exceedingly  refractory  stone,  and  is  worked 
only  with  the  greatest  difficulty.  This  quality,  combined  with 
its  always  numerous  joints,  almost  wholly  prevents  its  economic 
use,  except  for  road  construction. 

Gneiss. 

Gneiss  is  the  general  term  applied  to  a  series  of  schistose 
rocks  having  the  constituents  of  granite.  The  rock  may 
originally  have  been  either  igneous  or  aqueous.  In  some  of 
the  gneisses,  the  metamorphic  process  has  only  progressed  far 
enough  to  produce  a  decided  lamination,  without  obliterating 
evidences  of  the  origin  of  the  rock.  In  others  all  traces  of  the 
original  rock  have  been  removed. 

Wisconsin  possesses  an  abundance  of  gneissic  rocks  of  all 
kinds,  but  owing  to  the  great  abimdance  of  non-foliated  rocks. 
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they  are  seldom  quarried.  Nevertheless,  when  polished  they  are 
often  very  pretty,  and  are  more  durable  than  many  of  the  rocks 
ordinarily  used. 

ROCK    STRUCTURES. 

ORIGINAL  STRUCTURES. 

The  original  structures  in  sedimentary  rocks  are  those  which 
are  produced  through  changing  conditions  of  sedimentation  or 
alternation  of  sediments.  Through  the  alternation  of  sedi- 
ments, there  is  formed  a  structure  which  I  propose  to  call  strati- 
fication. Originally  the  sedimentary  rocks  possess  no  actual 
planes  of  parting,  but  merely  the  stratification  planes,  which  are 
planes  along  which  the  rock  has  a  natural  capacity  to  part  most 
readily.  The  more  abrupt  the  change  in  sediments,  the  greater 
will  be  the  capacity  for  the  rock  to  part  along  the  sedinoientary 
planes. 

The  igneous  rocks  formed  below  the  surface  of  the  earth  are 
originally  massive  and  homogeneous,  and  w^ithout  original  part- 
ing planes.  Igneous  rocks  which  have  solidified  at  or  near  the 
surface  often  have  developed  an  original  flowage  structure, 
which  resembles,  in  some  respects,  the  stratification  planes  of 
the  sedimentary  rocks  and  has  frequently  been  mistaken  for 
them.  Such  rocks  have  a  capacity  to  part  most  readily  along 
the  flow^age  planes. 

SBCONDARV    STRUCTURES. 

One  ordinarily  thinks  of  the  rock  envelope  at  the  surface  of 
the  earth  as  being  one  continuous,  unbroken  mass  of  rock.  But 
when  closely  examined  it  is  found  at  the  surface  to  be  composed 
of  a  mass  of  various  sized,  polygonal  blocks,  to  all  appearances 
perfectly  fitted  to  each  other.  These  polygonal  blocks  have  a 
wide  range  in  size.  Often,  they  do  not  exceed  several  inches 
in  cross-section,  while  occasionally  they  are  fifty  or  even  several 
hundred  feet  in  each  of  the  three  dimensions.  Blocks  of  all  in- 
termediate sizes  may  be  found.  It  is  known  that  the  parting 
planes  which  bound  these  polygonal  blocks  are  not  original,  but 
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that  they  have  been  produced  since  the  consolidation  of  the  rock. 
The  most  important  of  these  parting  planes  are  known  as  joints* 
Joints  develop  in  the  sedimentary  and  igneous  rocks  as  the 
result  of  stresses,  requiring  a  readjustment  of  the  earth's  crust 
in  conformity  with  new  conditions.  Relief  generally  takes 
place  where  there  is  least  resistance.  In  the  sedimentary 
rocks  the  planes  of  sedimentation  are  the  planes  of  weakness, 
and  along  these  planes  where  originally  there  existed  merely  a 
capacity  to  part,  actual  parting  takes  place.  These  planes 
might  consistently  be  called  joints  but  I  propose  to  call  them 
bedding^  in  distinction  from  those  that  are  normal  or  inclined 
to  the  plans  of  stratification.  Other  parting  planes  besides 
these  may  be  developed  in  two  or  more  directions,  normal  or 
inclined  to  bedding.  Such  fractures  are  known  as  joints,  al- 
though ordinarily  spoken  of  by  quarrymen  as  vertical  or  in- 
clined seams.  Joints,  normal  or  inclined  to  bedding,  generally 
occur  in  sets  ahnost  at  right  angles  to  each  other.  They  are 
ordinarily  classified  as  "dip"  joints  and  "strike"  joints,  depend- 
ing upon  whether  they  corres])ond  in  direction  with  that  of  the 
strike  or  dip  of  the  rocks.  A  better  classification  would  be  that 
of  tension  joints  and  compression  joints  as  proposed  by  C.  R. 
Van  Hise.^  The  first  classification  is  unsatisfactory,  in  so 
much  as  it  does  not  provide  for  the  possible  cases,  and  is  often 
misleading.  The  latter  classification  is  based  on  the  origin  of 
the  joints,  and  is  decidedly  more  satisfactory.  Yet  the  classi- 
fication is  not  of  suflicient  importance  to  quarrymen  to  warrant 
giving  it  serious  attention. 

Joints  are  known  by  quarrymen  as  "major"  and  "minor,"  de- 
pending upon  how  well  they  are  developed,  and  for  quarrying 
purposes  this  appears  to  be  the  most  practical  classification. 
The  major  joints  are  those  seams  which  continue  for  a  consid- 
erable depth  and  for  long  distances.  The  minor  joints  are 
those  seams  which  originate  and  die  out  within  short  distances, 
often  within  the  same  quarry.  The  least  of  the  minor  joints 
are  often  known  as  "dry"  or  "incipient"  joints.  Often  the  larger 

*  Principles  of  North  American  pre-Cambrian  Geology,  by  0.  B.  Van 
Hise:  16th  Ann.  Rep't,  U.  S.  Qeol.  Survey,  1896,  pp.  668-678. 
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joints  near  the  surface,  have  developed  into  narrow  V-ahaped 
trenches,  sometimes  20  feet  in  depth.  These  are  often  filled 
with  mud  and  clay,  and  are  known  by  the  quarrymen  as  "mud 
seams." 

The  advantages  and  disadvantages  of  these  natural  seams  are 
well  known  to  the  quarrymen.  The  parting  planes  may  be  so 
distributed  as  to  furnish  dimension  blocks  of  the  most  conven- 
ient size,  or  they  may  be  so  few  in  nimiber  as  to  make  the  ex- 
pense of  quarrying  too  great  for  economical  working.  Or 
again,  they  may  be  so  abundant  that  the  rock  masses  are  frag- 
ments too  small  for  dimensional  purposes.  Rock  which  is  thus 
badly  broken  up  may  be  most  economically  handled  for  road 
purposes.  Where  the  stone  is  desired  for  heavy  constructional 
work,  the  presence  of  numerous  jointing  planes  is  a  source  of 
great  annoyance  and  expense  to  the  quarrymen.  In  quarries 
where  the  jointing  is  uncertain,  it  is  occasionally  necessary  to 
work  over  a  large  section  of  the  quarry  before  finding  blocks  of 
the  required  dimensions. 

Several  hundred  observations  were  made  on  the  jointing  of 
the  rocks  as  it  occurs  in  the  different  quarries  throughout  the 
state.  These  observations  included  a  determination  of  the 
strike  and  dip  of  each  set  of  joints,  and  a  record  of  the  most 
prominent  sets.  The  results  are  embodied  in  the  map,  PL 
XLIX. 

The  jointing  in  the  sedimentary  rocks  is  quite  different  from 
that  in  the  igneous  rocks,  being  much  more  complex,  as  a  rule, 
in  the  latter  than  in  the  former.  In  the  sedimentary  rocks 
bedding  always  occurs,  and  the  jointing  is  mainly  vertical,  dip- 
ping only  a  few  degrees  in  either  direction.  As  a  rule,  the  sets 
of  joints  occur  in  pairs  striking  nearly  at  right  angles  to  each 
other.  In  most  places  two  pairs  of  sets  can  be  distinguished, 
each  set  striking  at  an  angle  of  about  90°  from  the  two  adjacent 
sets.  Two  of  the  four  sets  are  often  equally  well  developed, 
while  the  third  and  fourth  sets  may  or  may  not  be  equally  well 
developed.  The  two  sets  that  are  best  developed  in  one  part  of 
an  area  may  be  superseded  in  another  part  by  the  other  two  sets. 
The  joints  are  often  very  abundant  in  one  part  of  a  quarry  and 
sparse  in  another.     Curved   joints   occur   in  the   formations 
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through  the  eastern  part  of  the  state,  and  occasionally  faulting 
has  occurred. 

As  will  be  seen  in  the  accompanying  map,  the  joints  of  the 
sedimentary  rocks  strike  in  four  main  directions.  The  pre- 
vailing general  direction  of  the  joints  is  NE.  and  SW.  The 
other  directions  are  NW.  and  SE.,  E.  and  W.,  and  N.  and  S. 

The  joints  in  the  igneous  rocks  are  more  numerous  than  in 
the  sedimentary,  owing  to  the  greater  length  of  time  through 
which  they  have  been  subjected  to  dynamic  action.  The  joints 
are  partly  vertical,  but  many  of  them  are  inclined  or  even  ap- 
proximately horizontal.  The  observations  are  recorded  on  the 
map,  PL  XLIX.,  along  with  those  of  the  sedimentary  rocks. 

There  may  also  be  produced  in  rocks  another  structure  paral- 
lel, inclined,  or  normal  to  stratification,  known  as  cleavage. 
Cleavage  is  a  capacity  which  a  rock  may  possess  to  split  readily 
into  thin  laminae  or  folia.  It  is  somewhat  homologous  to  strat- 
ification, but  is  distinguished  by  being  a  secondary  and  not  an 
original  structure.  The  parting  along  cleavage  planes  is  some- 
times smooth,  and  at  other  times  wavy.  The  former  is  known 
as  slatiness  and  the  latter  as  schistosity.  Prof.  Van  Hise^  has 
also  made  a  distinction  between  fissility  and  cleavage.  He  de- 
fines cleavage  "as  a  capacity  present  in  some  rocks  to  break  in 
certain  directions  more  easily  than  in  others.**  Fissility  is  "de- 
fined as  a  structure  in  some  rocks,  by  virtue  of  which  they  are 
already  separated   into  parallel  laminae   in  a   state  of  nature." 

Thus  in  the  sedimentary  rocks  one  may  recognize  stratifica- 
tion, bedding,  jointing,  schistosity,  fissility,  and  cleavage.  In 
this  report  no  attempt  has  been  made  to  distinguish  cleavage 
from  fissility,  although  the  author  appreciates  the  necessity  of 
such  a  division  for  scientific  accuracy. 

The  rocks  are  sometimes  variously  folded  and  plicated,  and 
the  strata  bent  into  domes  and  basins.  These  structures  are  ob- 
served mainly  in  mountanious  regions  and  are  not  characteristic 
of  the  unaltered  sedimentary  rocks. 

^  Principles  of  North  Americaa  Pre-Cambrian  Geology,  by  C.  R.  Van 
Hise:  16th  Ann.  Rep*t,  U.  S.  Geo!.  Surrey,  1896,  p.  623. 
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The  igneous  rocks  exhibit  analogous  structures  to  those  of 
the  sedimentary  rocks.  Horizontal  or  nearly  horizontal  bed- 
ding is  often  found,  either  along  the  flowage  planes  of  surface 
lavas,  or  in  the  originally  structureless  deep-seated  rocks.  Joints 
are  developed  in  directions  inclined  or  normal  to  bedding,  as  in 
the  sedimentary  rocks.  In  mountainous  regions  the  rocks  are 
often  folded  and  plicated  in  a  complicated  manner,  while  fissil- 
ity,  cleavage,  and  schistosity,  which  generally  accompany  fold- 
ing, are  also  usually  developed.  Slatiness  and  schistosity  are 
especially  characteristic  of  the  oldest  rocks,  known  as  the  Pre- 
Cambrian  gneiss,  and  often  occur  over  extensive  areas. 

In  certain  of  the  igneous  rocks  there  has  developed,  either 
originally  or  secondarily,  a  differential  parting  capacity  in 
three  directions.  This  is  exhibited  mainly  in  certain  of  the 
rhyolites,  in  which  the  large  porphyritic  individuals  have  been 
elongated  and  flattened  in  a  common  direction.  The  plane 
of  flattening  is  the  direction  of  easiest  parting,  and  is  known  as 
the  "rift."  The  plane  normal  to  this,  and  extending  in  the  direc- 
tion of  elongation  is  designated  the  "run."  The  third  plane, 
normal  to  the  other  two,  is  known  as  the  "head."  These  struc- 
tures do  not  commonly  occur  together  in  the  same  stone,  al- 
though they  are  characteristic  of  the  rhyolite  from  several  of 
the  important  quarries  in  Wisconsin. 

In  general,  it  should  be  noted  that  the  igneous  rocks  have 
structures  which  are  in  many  respects  analogous  to  those  of  the 
sedimentary  rocks.  It  is  important  that  one  who  is  working  in 
a  quarry  should  be  familiar  with  all  the  above  structures,  as  it 
will  often  greatly  facilitate  the  work  of  extracting  the  stone. 
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PLATE  L. — RssuLTa  of  Cbushiho  SAinNSTONx  and  Qmaxttm. 

Fios.  1,  2y  and  3. — Samples  of  brown  sandstone  in  which  the 
pyramidal  forms  are  well  developed. 

Figs.  4  and  5. — Samples  of  granite.  Only  the  upper  wedge  or 
pyramid  was  developed  in  each  cube.  Fig.  2  approaches 
the  conical  form,  which  ordinarily  results  from  crushing 
granite.  (See  PL  LI.)  Fig.  3  is  the  typical  wedge- 
shaped  form,  which  often  results  from  crushing  granite 
of  medium  strength. 

Figs.  6,  7,  and  8. — Samples  of  brown  sandstone  in  which  the 
pyramidal  structure  is  well  developed.  These  are  typi- 
cal results  obtained  from  crushing  sandstone  of  ordinary 
strength.  It  should  be  observed  that  the  samples  which 
have  a  low  or  medium  crushing  strength  are  the  only 
ones  in  which  two  equally  well  developed  pyramids  oc- 
cur. 
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PLATE  LI. — Results  of  Ckushixo  Gkawite. 

Figs.  1,  2,  and  .*>. — Those  sami>ks  illustrate  the  different  forms 
devolopetl  in  cnishin^r  granite  cnbes.  The  one  on  the 
left  is  a  typical  cone.  The  one  on  the  right  has  a  ten- 
dency toward  the  wedge-shaped  form,  while  the  one  in 
the  middle  is  a  typical  wedge  form.  The  upper  part  of 
this  wedge  is  a  sharp  ridge  from  one  end  to  the  other. 

Figs.  4,  5,  and  G. — These  three  figures  have  their  apices  point- 
ing toward  the  observer.  They  are  all  well  shaped 
cones,  in  which  there  has  been  especially  well  developed 
the  concentric  structure  referred  to  in  the  text. 
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PLATE  LII. — Results  of  CEUSHiyo  Limestobib. 

These  samples  show  some  of  the  ordinary  results  of  orushing 
limestone  of  moderate  strength.  It  will  be  noted  that,  in  the 
limestone,  there  is  a  tendency  to  develop  steeper  oones,  than 
in  the  granite  and  sandstone.  It  should  also  be  observed  that 
the  crushed  samples  have  a  somewhat  splintery  apx)earanee^ 
which  is  also  characteristic  of  many  of  the  limestone  results. 

The  upper  left  hand  sample,  Fig.  1,  in  which  the  apex  is 
pointing  toward  the  observer,  brings  out  with  remarkable  dear^ 
ness  the  concentric  cleavage  structure,  illustrated  in  the  granite 
samples  of  the  previous  plate.     (PI.  LI.) 
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PLATE  LIII. — ^Results  of  Crushing  Limbstonx. 

The  figures  in  this  plate  illustrate  the  results  of  crushing 
pies  of  the  strongest  limestone  of  the  state.  The  sample  in  the 
lower  right  hand  comer,  Fig.  6,  gave  a  crushing  strength  test  of 
42,787,  lbs.  per  sq.  inch,  which  is  thought  to  be  the  highest 
record  obtained  for  any  limestone,  dolomite,  or  marble  quarried 
in  the  United  States.  This  sample  shows,  near  the  apex  of  the 
somewhat  irr^ular  cone,  the  concentric  cleavage  structure^ 
which  is  typically  developed  in  the  granite.     (PI.  LI.) 
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PLATE  LIV. — Results  of  Crushing  Limestone,  QRAjrrm^ 

AND  Rhyolite. 


Figs.  1  and  2. — These  figures  illustrate  nicely  the  very  steep 
pyramidal  or  conical  forms  resnlting  from  crushinff 
limestone. 

Figs.  3  and  4. — These  are  samples  of  granite  and,  when  oom- 
pared  with  figures  1  and  2,  they  show  plainly  the  differ* 
ence  in  the  shape  of  the  limestone  and  granite  or  rhyo- 
lite cones.   . 

Figs.  5  and  6. — The  cones  shown  in  these  figures  are  those 
which  resulted  from  crushing  the  cubes  giving  the  record 
tests  for  rhyolite  (Fig.  6)  and  limestone  (Fig.  6).  The 
cones  are  well  proportioned^  but  the  rhyolite  is  much 
smaller  than  the  limestone. 
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PLATE  LV. 
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PLATE  LV. — Results  of  Cbushino  Granite  and  Rhyoutb. 

The  figures  in  this  plate  illustrate  some  of  the  more  perfect 
cones  resulting  from  crushing  the  stronger  samples  of  granite 
and  rhyolite.  Fig.  1  is  a  typical  result  for  granite  of  this  class, 
while  Fig.  3  is  a  typical  rhyolite  cone.  This  latter  cone  re- 
sulted from  crushing  a  two  inch  cube  of  granite,  which  gave  a 
test  of  nearly  48,000  lbs.  per  sq.  in.  It  will  be  further  observed 
that  Figs.  4  and  5  have  wedge-shaped  apices  similar  to  those  il- 
lustrated in  PI.  L.,  Fig.  3. 
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PLATE  LVI. — Results  of  Extreme  Tempe&atukb  oh 
PLEs  OF  Granite^  Limestone,  and  Sandstokx. 


The  samples  numbered  1,  2,  o,  7,  14,  and  16  are 
those  numbered  5,  8,  11,  and  12  are  limestone;  and  nuinbeiB  % 
4,  9,  10,  13,  and  15  are  sandstone.  Samples  numbered  2,  6^  audi 
14,  were  cooled  suddenly  by  immersing  them  in  cold  water^ 
while  the  remaining  were  cooled  gradually.  Number  2  is  ti 
fine  grained,  nimiber  14  a  mediimi  grained,  and  nmnber  6  ft: 
coarse  grained  granite.  It  is  simply  necessary  to  direct  attQfr*^ 
tion  to  these  samples,  for  one  to  see  how  the  difference  in  grain 
influenced  the  manner  of  cracking. 

The  limestone  samples  were  partly  calcinated.  Where  die 
quicklime  has  been  removed  the  samples  have  the  rounded  edgea- 
noticed  in  numbers  11  and  12. 

The  sandstone  samples  are,  to  all  outward  appearances,  xmiiK 
jured,  as  shown  in  samples  numbered  4  and  13.  The  chipping: 
of  the  corners  and  edges  in' numbers  3,  9,  and  10  was  occasioned 
by  pressing  the  thumb  against  the  parts  broken  off,  which  in- 
spite  of  the  uninjured  appearance  of  the  samples,  indicates  the* 
friable  character  of  the  stone  after  heating  to  the  extreme  temr 
perature  of  1300°-1500°  F. 
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PLATE  LVn. 


476  ^B^    BUILDING    STOXES    OF    WI8COX8IX, 


PLATE  LVII. — Results    of    Extreme    Temperatuke    on 
Samples  of  Granite,  Limestone,  and  Sandstone. 

Fig.  1. — A  sample  of  medium  grained  granite  heated  to  a 
temperature  of  from  1300^-1500°  F.,  and  suddenly 
cooled  by  immersing  in  cold  water.  This  figure  is  a  good 
illustration  of  the  result  of  throwing  a  stream  of  water 
on  the  walls  of  a  burning  building,  which  is  constructed 
out  of  granite  of  this  texture. 

Fig.  2. — The  sample  in  the  upper  left  hand  comer  is  sandstone 
which  has  become  so  friable  by  being  heated  to  a  tempera- 
ture of  1300°-1500°  F.,  that  it  crumbles  when  pressed 
between  the  fingers.  The  remaining  samples  are  lime- 
stona  They  have  flaked  off  at  the  corners,  due  to  having 
been  quickly  cooled  from  a  very  high  temperature.  Such 
results  may  frequently  be  noticed  in  the  limestone  walla 
of  buildings  which  have  been  destroyed  by  fire. 
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PLATE  LVIII. 
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PLATE  LVIII. — Styles  of  Work  on  Granite  and  T. attic  Su- 
perior Sandstone. 


Fig.  1. — Sandstone — Eock  face  finish. 

Fig.  2. — Sandstone — Ribbed. 

Fig.  3. — Granite — Bush  hammered. 

Fig.  4. — Sandstone — Fine  pointed  surface,  with  margin. 

Fig.  5. — Sandstone — Carved. 
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PLATE  LIX. — Styles  of  Work  on  Granite  and  Limestone^ 

Figs.  1  and  3. — These  figures  illustrate  very  nicely  the  contrast 
between  the  polished  and  hammered  surfaces  of  the  Wau- 
sau  and  Irma  granites. 

Fio.  2. — This  figure  is  an  illustration  of  what  may  be  accom- 
plished in  the  way  of  carving  the  Duck  Creek  limestone^ 
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PLATE    LX. MiCROPHOTOGRAPHS.      (X   12.)* 

Fig.  1. — Section  No.  4702.  Granite  from  Waupaca.  This 
rock  contains  a  greater  variety  of  minerals  than  Na 
4711.  Besides  quartz  and  feldspar  there  is  an  abundance 
of  chlorite,  epidote,  and,  in  some  places,  biotite.  The  in- 
dividuals are  interlocking,  but  less  regular  than  in  many 
granites. 

Fig,  2. — Section  No.  4711.  Granite  from  Granite  Heigfata. 
The  dark  colored  parts  are  feldspar,  and  the  lighter  ool- 
ored  are  quartz.  This  section  illustrates  nicely  the  close^ 
interlocking  character  of  the  different  individuals  which 
contributes  largely  to  the  strength  of  the  rock. 

*Magnified  twelve  diameters. 
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PLATE  LXL— MiCBOPHOTooRAPHs.     (X  12.) 

Fio.  1. — Section  Xa  4352.  Granite  from  McmteUo.  This  sec- 
ticm  consists  mainly  of  quartz  and  feldspar,  which  inter- 
lock in  a  most  intricate  fashion.  This  is  best  shown  in 
the  right  half  of  the  figure,  in  which  the  quartz  and  feld- 
spar are  intergrown.  This  section  illustrates  nicely  the 
characteristic  of  the  Mcmtello  granite,  which  gives  it  the 
high  crushing  strength  recorded  in  the  table  of  Physical 
Tests. 

Fio.  2. — Section  No.  4706.  Waushara  granite  from  near  Ber- 
lin. The  mineralogical  composition  of  this  granite  is 
very  similar  to  that  of  the  Montella  The  figure  shows 
grains  of  different  sizes,  which  interlock  after  the  charac- 
teristic manner  of  granite. 
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PLATE  LXIL— MicROPHOTOORAPHs.     (X  12.) 

Fio.  1. — Section  No.  4707.  Fine  grained  gray  granite  from 
Amberg.  This  iUustration  shows  mainly  qnartas  and 
feldspar  with  two  or  three  small  flakes  of  mica.  The 
interlocking  character  of  the  individuals  is  here  again 
nicely  illustrated.  Attention  is  here  called  to  the  doee- 
ness  with  which  the  grains  fit  into  each  other,  leaving 
but  few  interspaces  in  which  water  can  collect. 

Fio.  2. — Section  No.  4735.  Athelstane  granite  from  Amberg. 
This  figure  shows  the  large  size  of  the  quartz  and  feld- 
spar crystals,  and  the  granulated  character  of  the  mar- 
gins. The  individuals  are  apparently  not  as  intricately 
interlocking  as  those  in  Section  4707,  which  may  be  one 
of  the  reasons  for  its  somewhat  lower  crushing  strength* 
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PLATE  LXm.— MiCBOPHOTOGRAPHS.       (X  12.) 

Fia.  1. — Section  No.  4733.     Berlin    rhyolite.       This    figure 
shows  the  exceedingly  fine  grained  matrix  and  the  por- 
phyritic  individuals  of  feldspar,  which  are  characteristic 
I  of  the  rock  in  the  hand  specimen.  The  mica  which  occurs 

in  small  flakes,  is  also  nicely  shown.  The  parallel  ar- 
rangement of  the  small  flakes,  which  is  evidently  a  cause 
for  the  "rif t'*  in  the  rock,  is  well  brought  out.  The  crack- 
ing of  the  feldspar,  referred  to  in  the  text,  is  also  seen 
in  this  figure. 

Fio.  2. — Section   No.    4704.       Utley   rhyolita       Porphyritic 

crystals  of  quartz  and  feldspar  and  a  small  portion  of  the 
fine,  dense  matrix  are  shown  in  this  figure.     The  c<xn- 

pactness  of  the  rock,  with  the  consequently  minute  pores 

and  low  porosity  are  very  evident. 
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PLATE  LXIV.— MiCBOPHOTOGRAPHS.       (X  12.) 

No.  1. — Section  4717.  Lake  Superior  brown  sandstone  from 
the  South  Shore  Area.  This  section  is  composed  of  uni- 
form,  medium  sized  grains,  and  has  an  ordinarily  com- 
pact structure.  These  sections  should  be  compared  with 
those  of  the  granite,  in  order  to  appreciate  the  reason  for 
the  lower  porosity  and  greater  strength  of  the  latter,, 
which  depend  largely  upon  the  closeness  of  individuals^ 
and  the  manner  in  which  they  are  bound  together. 

No.  2. — Section  4718.  Lake  Superior  brown  sandstone 
from  the  South  Shore  Area.  This  figure  illustrates 
nicely  the  round  to  sub-angular  character  of  the  quarts 
grains.  It  will  be  noticed  that  the  grains  are  closely 
compacted  and  that  very  little  day  occurs  in  the  inter* 
stices. 
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PLATE  LXV.— MicBOPHOTOoRAPHs.     (X  12.) 

Fio.  1. — Section  4719.  Lake  Superior  brown  sandstone  frcan 
the  Chequamegon  Area.  This  section  is  composed 
mainly  of  quartz  and  the  accompanying  figure  shows 
the  size,  shape  and  arrangement  of  the  grains.  It  will 
be  observed  that  they  do  not  interlock,  as  in  the  granites 
illustrated  in  PI.  LXL,  and  are  not  so  close  fitting. 

Fio.  2. — Section  4714.  Lake  Superior  brown  sandstone  from 
the  Chequamegon  Area.  The  grains  are  somewhat  bet- 
ter rounded  in  this,  than  in  the  preceding  section.  One 
will  quickly  notice  the  secondary  quartz  which  in  many 
places  cements  the  individual  grains  t<^ther.  Occa- 
sional grains  of  feldspar  occur  among  those  of  quartz. 
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PLATE  LXVL— MiCBOPHOTOoRAPHS.     (X  12.) 

Fig.  1. — Section  No.  4721.  Red  sandstone  from  LaValle. 
This  is  an  excellent  illustration  of  a  sandstone  in  which 
the  grains  were  originally  uniformly  well  rounded,  and 
later  enlarged  and  cemented  with  silica.  The  enlarge- 
ments are  nicely  shown  in  many  places  in  the  section. 
The  brown  rims  of  iron  oxide  which  separate  the  origi- 
nal grains  from  the  secondary  quartz  are  very  distinct 
in  the  figure. 

Fig.  2.  Section  No.  4720.  Brown  sandstone  from  Argyle. 
This  section  illustrates  a  rock  in  which  the  grains  are 
well  rounded  and  cemented  with  iron  oxide,  but  in 
which  the  individuals  have  not  been  generally  enlarged 
with  secondary  quartz.  On  account  of  this  the  stone  is 
considerably  weaker  than  the  one  from  LaValle. 
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PLATE  LXVIL— MicBOPHOTOGBAi»Hs.     (X  12.) 

Fig.  1. — Section  Xo.  4725.  BufF  sandstone  from  Dunni 
The  fine  grained  character  of  this  rock  and  the  sfa 
angular  outlines  of  the  individuals  are  well  illustr 
in  this  figure.  The  soft  character  of  the  rock  is  sh 
by  the  manner  in  which  the  section  broke  in  the  co 
of  preparation.  The  composition  of  this  stone  is  ma 
quartz  although  small  flakes  of  mica  occur  in  some  p 
of  the  section. 


Fig.  2. — Section  Xo.  4738.     White  sandstone  from  Ablem 
This  section  is  mainly  quartz,  and  the  individuals 
seen  in  the  figure,  are  very  closely  compacted.     The 
lines  are  very  regular.     All  these  characteristics 
tribute  to  the  strength  of  the  rock. 
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PLATE  LXVIII. — MicBOPHOTOoRAPHs.      (X  12.) 

Fig.  1. — Section  No.  4729.  Limestone  from  Genesea  The 
figure  shows  that  the  rock  is  composed  almost  entirely 
of  individuals  of  calcite  (and  dolomite),  which  inter- 
lock in  an  intricate  manner.  The  interlocking  char- 
acter and  fineness  of  the  grains  are  both  evidence  of 
strength. 

Fio.  2. — Section  No.  4737.  Limestone  from.  Wauwatoea. 
The  section  from  which  the  accompanying  figure  was 
taken,  is  composed  essentially  of  calcite  and  dolomite  in- 
dividuals, in  which  are  embedded  several  small  irr^olar 
grains  of  quartz.  Here  again,  the  size  of  the  individ- 
uals and  their  irregular,  interlocking  margins  should  be 
noticed. 
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PLATE   LXIX.— MiCEOPHOTOQRAPHS.        (X    12.) 

Fio.  1. — Section  No.  4736.  Dol(»mtic  limestone  fnan  B 
Creek.  This  figure  is  an  excellent  illustration  of 
way  in  which  the  individuala  of  the  coarser  crjstal 
limestones  interlock. 

Fio.  2. — Section  No.  4726.  Dolwnitic  limestone  f] 
Sturgeon  Bay.  This  figure  shows  the  close,  oran] 
character  of  the  crystalline  dolcnnites,  which  accoi 
for  their  low  percentage  of  pore  space,  and  partly 
their  high  crushing  strength. 
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Abendschein,  Philip,  referred  to,  283,  28 1. 
Aberdeen  quarry  (see  Quarry). 
Abrasion — an  agent  of  disintegration,  25, 
26. 
by  feet,  26. 

by  wind  and  running  water,  26. 
capacity  of  stone  to  withstand.  26. 
of  steps  of  Capitol  building  of  Madi- 
son, 26. 
of  stone — Wisconsin — due   to   drift- 
ing sand,  26. 
effect  of,  on  stone,  34. 
Absorption  of  water — capacity  of  rocks 

for,  21. 
Abutments     of     bridges — dangers     from 

freezing  of  stone  in.  24. 
Abysmal  deposits.  454. 
Accessibility — controlling  use  of  stone,  5. 
effect  of  glaciers  and  rivers  on.  86, 

87. 
of  crushed  rock  for  macadam.  9. 
Acid — carbonic — gas  (see  Gas), 
sulphurous — gas  (see  Gas), 
contained  in  water.  33. 
organic,  effect  of.  27. 
sulphurous  and  sulphuric,  In  atmos- 
phere of  cities.  33. 
Adhesion  and  cohesion — value  of  cements 
dependent  upon,  37,  38. 
overcome  by  beating  of  rain,  26. 
Affinity  of  calcium  carbonate  for  differ- 
ent mineral  substances,  38. 
of  Iron  oxide  for  different   mineral 

substances.  38. 
of  quartz    for  different  mineral  sub- 
stances. 38. 
Africa — temperature    of    rock    sarfaceci 

In.  19. 
Afton  quarry  (see  Quarry). 
Aggregation — state  of.  controlling  factor 
In  hardness  of  stone,  44. 
strength  affected  by,  44. 


Aldrlch — quarry  of  (see  Quarry). 

W.  A.,  referred  to,  326. 
Algae — discoloration  due  to,  27. 
Alma  Center — quarries  of,  245. 
(See  Sandstone,  Alma  Center  and  quarry 

Cray  and  Wheeler). 
Alterations — of   minerals,   35,   435,   438, 
437,  438,  439,  440,  441,  442. 
of  rocks.  445,  451,  454. 
Amberg — granite   of    (see   Granite,   Am- 
berg  ;  granite,  Athelstane  ;  granite, 
Aberdeen;  granite  Pike  River), 
quarries  of — names  of,  142,  143. 
Granite  Co. — quarries  of  (see  Quar- 
ry.   Athelstane  ;    quarry,    Argyle ; 
quarry,  Aberdeen). 
American    Society   of   Civil    Engineer! — 

transactions  of — referred  to,  71. 
AmphllK»le — alteration    products  of,  437. 
chemical  composition  of,  437. 
durability  of,  36. 
occurrences  of.  437. 
physical  properties  of,  437. 
species  of,  437. 
Analyses  -  chemical — of  Wisconsin  stone, 

420. 
Anderson  Bros.  &  Johnson    (see  Qranlte 

riplghts  Co.). 
Anderson — referred  to,  265. 
Anschuetz    Co. — quarry    of — (see    Qnar 

ryK 
Apostle  Islands — sandstone — Lake  Supe- 
rior— of.   167.   169. 
Appendix — general.  431-460. 

to  chapter  V.,  216-220. 
Appleton — quarries  at   (see  Quarry). 
Aqueous  rocks  (see  Rocks,  sedimentary). 
Arcadia — Quarries    of,    267    (see    Lime- 
stone, Arcadia). 
Archean — age  of  rocks  of,  77. 

condition  of  Wisconsin  during  for- 
mation of,  77. 
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Architecta — value  of  laboratory  teats  to, 

54,  56. 
ArgiUaceooa  material   (aee  Claj). 
Argyle — qaarrj  of,  251-252. 

(aee  Sandstone,  Argyle). 
Argyle  quarry   (aee  Quarry). 
Arid  regiona— effect  of  sandstorms  in,  26. 
Asphalt — as    a    road-making    material, 

8,9. 
Athelstane  granite  (aee  granite). 

quarry  (see  Quarry). 


Bain,  H.  F.,  quoted,  68. 

Baker,  quoted,  62,  63. 

Baraboo  Bluffs — quartslte  of,  164. 

quarries  (see  Quarries). 

(see  sandstone.  Baraboo.) 
Balliet — quarry  of — (see  Quarry). 

D.  n.,  referred  to,  268. 
Ballustrades — character    of    stone    used 

for,  350. 
Barron,  Andrew,  referred  to,  290. 
Bartlett,  W.  H.,  referred  to,  18. 
Bass  Island  Brownstone  Co. — quarry  of 

(see  Quarry). 
Bass  Island  quarry  (see  Quarry). 
Basalt — composition,    mineralogical,   of, 
447. 

texture  of,  447. 
Basement  Complex  (see  Archean). 
Bauer.  Frank  S..  referred  to,  330,  881. 
Bayfield — quarries  of  sandstone  of.  169. 
Bed— crushing  strength,  compared  with 

edge.  36. 
Bedding — dangers  to  sedimentary  rocks 
from,  25. 

distinguished  from  pores,  376. 

exfoliation  due  to,  81. 

injury  from  freeslng  of  water  along, 
23.  24. 

of  limestone.  273.  334.  838. 

of  rocks — Igneous,  460. 

of    rocks — sedimentary — origin    of, 
457. 

openings   along,   distinguished   from 
pores,  24,  25. 

size  of  planes  of.  23. 
Bedford  limestone  (see  Limestone). 
Bender,  C.  A.,  referred  to,  241,  242. 
Benjamin,  C.  B..  referred  to,  269. 
Bent  ley.  Lund  A  Co..  referred  to.  823. 
Berglund — quarry  of  (see  Quarry). 

Olaf.  referred  to,  293. 
Bergman,  John,  referred  to.  839. 
Berlin — location  of  quarries  of,  100. 
Berlin — Montello  Granite  Co.,  quarry  of 
—Portland.  165.  166. 


Berlin — referred  to.  91,  lOL 
rhyollte    (see  RhjoUte). 
Bitumen — In  limestone,  15,  40,  454. 
Black  Creek — quarry  of,  248  (see  Saad- 

stone.  Black  Creek). 
Black — quarry  of  (see  quarry). 

Mr.,  referred  to,  281. 
Black  River  Falls — granite  (see  Granite, 
Black  RiTer  Falls), 
sandstone      (see      Sandstone — Bltek 
River  Falls). 
Blair  A  Larson — quarry  of  (aee  (^uany). 
Blasting — Knox  system  of,  29. 
Bleaching — caused  by  weathering,  49. 
Blessner.  Fred,  referred  to,  267. 
Bluff  Siding  and  Marshland — (see  Ume- 
stone — Bluff  Siding  and  Marshland). 
Boston  Puhllc  Library,  referred  to,  42& 
Boulders — glacial — color  of,  161. 
observations  on,  160-162. 
sise  of.  161. 
uses  of.  161,  353. 
yarlety  of,  161. 

transportation  of.  by  glaciers.  87. 
Bowker,  H.  L..  referred  to,  29S. 
Breakwaters— quarries   furnishing  suita- 
ble stone  for,  10,  355. 
stone   used    for,    cbaracterlstles  of, 
10.  16. 
Breckenridge — quarry  of  (aee  Quarry). 

Col.  John  C,  referred  to,  182. 
Brick — as  a  road-maklngr  material,  8,  9. 
competition  with  stone,  3. 
durability  of.  compared  with  stone, 

428. 
impurities  In — cause  of  discoloration 
of  stone.  12. 
Bridge     abutments — characteristics     of 
stone  for,  16. 
observations  on,  54. 
quarries    furnishing    suitable    stone 
for.  353. 
Bridgeport — ^Umestone     of     (see     Lime- 
stone. Bridgeport). 
Bridgeport — quarries   of,    269.    260    (see 

Quarry). 
Bridges — Importance  of   examination   of 
stone  for.  46. 
need  of  better  masonry  In  construc- 
tion of.  10. 
Brllllon  and  Grimms — (see  Limestone — 

Grimms  and  Brillon). 
Brunner — referred  to,  266. 
Brockway,  E.  L.,  referred  to,  246. 
Brownstone — of     Connecticut — cmshtng 
strength  of.  compared  with  Lake 
Superior  sandstone.  865. 
of   Lake    Superior    (see    Sandstone, 
Lake  Superior). 
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Brownstone — of    PennsyWanla,  referred 

to,  22. 
Builders — use  of  inferior  stone  by,  50. 
value  of  laboratory  tests  to,  54,  55. 
Building — areas     from     which    suitaule 
stone  may  be  obtained  for,   349, 
368. 
different  parts  of  a,  349. 
durability  of — estimate,  conditioned 

by  age,  52. 
quarries  of  granite  suitable  for,  351. 
of  limestone  suitable  for,  352. 
of  rhyolite  suitable  for,  351. 
of  sandstone  suitable  for,  351, 
352. 
Building    stone — decay    of,    caused    by 
freezing  and  thawing  of  included 
water,  24  (see  Disintegration  and 
freezing  and  thawing), 
stones   of    Wisconsin — tests    of,    in- 
completeness of.  388. 

strength,  crushing  of.  necessity 
for,  359. 
use  of  cobble  stones  for,  327. 
Balldings,  beauty  of,  as  a  factor  in  se- 
lecting stone.  3. 
constructed  out  of  granite,  98,  130, 
134,  155. 

limestone.    261,  262,    277,    278, 
286,  287,  288,  289,  290,  293, 
311.  315.  325. 
rhyolite,  105. 

sandstone.   201,   217,   218.   219. 
226,  227,  228,  230,  243,  244, 
246. 
demand  and  uses  of  stone  for,  3. 
durability — conditions      influencing. 

51. 
durability    of,    factor    In    selecting 

stone.  3. 
effect  of  climate  on,  426. 

beat  on,  308. 
lessening  danger  from  heat,  73. 
maximum  strength  of  stone  required 

In,  59. 
observations  on,  40.  50,  51. 
of  Boston — decay    of.    due    to    im- 
proper laylnp  of  Rtone,  28. 
of       Mediterranean       basin — condi- 
tion of,  16. 
of  New  York — decay  of,  due  to  im- 
proper laying  of  stone.  28. 
of  Wisconsin — age  of,  52. 

evidences  of  durability  of,  52. 
stone  used  in,  425. 
parts  constructed  out  of  stone,  5. 
permanence  of.  5. 

pretentiousness  as  a  factor  in  select- 
ing stone  for,  3. 
public — necessity  for  durable,  52. 


Buildings,  rapid  construction  of,  5. 
stone — educational  value  o^  428. 
use  of  bowlders  in,  161. 
Burlington — limestone  of — quarry  of,  820. 
(see     Limestone,     Burlington     and 
quarry — Voree) . 
Burnett,  M.,  referred  to,  277. 
Business    blocks — consideration    of    tbe 
color  of  stone  in,  14,  16. 


Calrncross.  C.  A.,  referred  to,  826. 
Calclte  (see  Calcium  cart>onate). 
Calcium  carbonate — affinity  for  different 
mineral  substances,  38. 
alteration,  products  of,  440. 
&s  a  cement,  37. 
composition,  chemical,  of,  439. 
durability  of,  37. 
occurrence  of.  440. 
physical  properties  of,  440. 
solubility  of,  38. 
Calcium      magnesium      carbonate — lime- 
stone, composed  of,  37. 
Caldwell  &  Nelson,  referred  to,  825. 
Calibration — of   Rlehle   testing   machine 

(see  Machine). 
Cambrian — appearance  of  life  In,  81. 
fossils,  occurring  In,  81. 
of  Wisconsin — areal  extent  of,  80. 
deposit  of,  conditions  of,  80. 
sediments — character  of,  80,  81. 
Carbonic  acid  gas  (see  Gas). 
Capillarity — effect  of,  in  distributing  wft- 

ter  in  stone.  375. 
Capillary  pores  (see  Pores). 
Capitol  building,  Madison,  referred  to, 28. 
Carbon  dioxide — effect  on  limestone,  84. 
Cassville  quarry  (see  Quarry). 
Caves — In  rocks.  20. 

Injury  to  stone,  due  to,  25. 
Cavities — effect  of,  on  strength,  41. 
In  rocks,  20-2r». 
minerals  occurring  In,  41. 
Cedarburg — limestone  quarry  of,  328. 
(see     Limestone,      Cedarburg     and 
Quarry  Groth). 
Celleyham,  Grant — quarry  of  (see  Qoar- 
ry). 
referred  to.  229. 
Cement — amount  of — conditioned  by  por« 
space,  40. 
calcium  carbonate  as  a.  37. 
impurities  of^-cause  of  dlicoloratlon 

of  stone,  12. 
Iron  oxide  as  a,  87. 
of  sandstone.  450. 

of  sedimentary  rocks.  18.  19,  86,  87. 
relative     Importance     of     different 
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Cement — kinds  of,  87. 
•UIca  as  a,  87. 

TElue  of,  dependent  upon  adhesion 
and  ooheelon,  87,  88. 
Cementinf  materiai — effect  on  hacdneas 

of  atone,  48. 
Censos  report — 10th — referred  to,  888. 
Chalk  pocketa  of  limeatone,  820. 
Chamberlain,  Prof.  T.  C,  referred  to,  160. 
Channeling  machine — adTantageof  osing, 

29. 
Chemical   changes — ^producing   decay   of 

stone,  17. 
Chemical  composition  (see  Composition), 
decomposition  (see  Decomposition), 
tests  (see  (imposition,  chemical). 
Chequamegon — sandstone  of,  quarries  of, 
170,  106. 
(see   Sandstone,   Chequamegon   and 
Lake  Superior). 
Chert  nodules — weathering  of,  42. 
Chippewa  county— quartslte  of,  164,  165. 
Chlorite — alteration  products  of,  48& 
composition,  chemical,  of,  438. 
occurrences  of,  438. 
physical  properties  of,  438. 
species  of.  438. 
Cincinnati     Shale     (see    Hudson    RlTer 

Shale). 
Cities — roads  in,  8. 

Classification    of    agents    of    decomposi- 
tion, 17. 

of  disintegration,   17. 
of  Joints  in  sedimentary  rocks,  457. 
of  rocks,  442. 
Clause,  Wm.,  referred  to,  265. 
Clay— effect  of  weathering  of,  42. 

laminae  of,  In  Trenton  limestone,  40. 
manner     of     occurrence     in     sedi- 
mentary rocks,  39. 
pockets — of  sandstone,  172,  173,  ltf6. 
effect  of,  on  strength  and 
durability,  173. 
harmful  character  of,  39,  40. 
Cleavage — definition  of.  459. 
effect  of,  on  strength,  44. 
flssility  distinguished  from,  459. 
of  minerals,  433. 
in  rocks — igneous,  460. 
Climate — effect    on    character    of    build* 
ings.  426. 
on  d«>cay,  16 

on  durability  of  stone,  34, 
420,  427. 
of  Egypt — effect  of.  on  monoliths,  16. 
Clinton — formation,  characteristic  of,  84. 
conditions  of  deposition  of,  84. 
surflcial  distribution  of,  84. 
C.   k  N.   W.    Ry.   Co.— quarries  of    (see 
Quarry). 


Coal — salpbaroiu     and     sniphnric 

SSBes  produced  by,  83. 
Cobble  acoiiea — use  of,  for  bnildingi, 
Cochran,  O.  8.,  referred  to,  38a 
Coheaion — adbeston    and    (see   Adbi 

and  cohesion). 
Colin,  Lfc  8. — quarry  of — history  of, 
133. 

Granite       Co.— quarries      of 

Quarry), 
referred  to,  89. 
Cohn  k  Robertson  Manufacturing  Co 

f erred  to,  133. 
Collier — quarry  of  (see  Quarry). 

John,  referred  to,  244. 
Cologne  cathedral — referred  to,  428. 
Color — effect  of  dreaaln^  on  permax 
of.  18. 
Influence  on  market  value  of  s 

13. 
irregularities     of,      emphasised 

dressing.  13. 
of  diabase,  447. 
of  glacial  boulders,  161. 
of  granite.  80.  92,  93,  197,  108, 
110,  123,  127,   128,  133,  134, 
141,  156,   158,    159,   444,  445. 
of  igneous  rocks,  11,  12. 
of    limestone,    256.     2«3.    265, 
309,  325,  328,  329.   334,  338, 
buff — origin  of,  272. 
Niagara — differences      In, 

347. 
Trenton,  83. 
of  rhyolite.  117.  121,  446. 
of  sandstone,  171,  172,  186,  187, 
191,  195,  200.  202.  203.  205,  : 
207,  209,  222.  224.  230,  234,  ! 
241.  245,  247,  249.  250.  251. 
of  sedimentary  rocks,  12. 
of  stone — cause  of,  11. 

demand  Influenced  by,  421. 
composite  nature  of,  11. 
effect     of     bituminous     mal 

on,  !.'>. 
effect  of  polishing  on.  16. 
effect  of  smoke  and  dirt  on, 
monotony,  due  to,  14. 
monumental,  16. 
ornamental — effect    of    weat 

on,  15. 
uniformity  of.  11. 
determined   by   quarry   obser 

tions,  46. 
used  for  breakwater,  16. 
uses  for  bridge  abutments,  16 
used  for  business  blocks,  14, 
used  for  flooring  or  steps,  16 
used  for  houses.  14. 
used  for  retaining  walla,  16. 
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Color  of  stone — variegated,  12. 
.Columns — characteristics  of   stone   used 
for,  350. 
quarries  of  stone  suitable  for,  354. 
•Competition — in  quarrying  industry,  427, 
'Composition  and  Icinds  of  stone,  431. 

chemical — of     minerals,     434,     435, 
436,  437,  438,  439.  440,  441. 
of  granite,  OG,  llli,  13(J,  14o. 
of  limestone.  275,  293,  294,  298, 

314,  310,  332,  335. 
of  rhyolite,  103,  118. 
of  sandstone,  175,  197,  231. 
mlneralogical — ot  conglomorate,  448. 
of  basalt,  447. 
of  gabbru,  447. 

of  granite,  94.  95.  Ill,    124,  129. 
130,   135,   144,   145,   146,    14ei, 
158,  444. 
effect    on    specific    gravity    of, 

373. 
of  greenstone,  447. 
of  limestone,  37,  260.  275,  305, 
313,  314,  316.  332.  335,  .342, 
347,  452. 
of  quartzite,  165.  455. 
of  rhyolite,  lO.J,  117.  118,  446. 
of  sandstone.  174,  175,  196,  197, 

225.  231.  237.  251.  449. 
of  stone,  35.  431.  432. 

strengtli  affected  l)y,  44. 
<Compressometer — Olson — ref^^rred  to,  61. 
Conclusion — Chapter  IX.,  421.  428. 
Concrete — stone  used   for — furnished   by 
quarries,  10. 
used  for  curblnc,  10. 
used  for  sidewulkH.  10. 
'Conditions — i^xtornal — causing       disinte- 
gration, 47. 
•Conductivity — of  boat  by  stone,  18. 
Cone — quarry  of  (soo  Quarry). 

Harry,  referroti  to.  29.';. 
Conflagration  (see  IIrat>. 
Conglomerate  —  o(»mi)r»sition  —  mlneral- 
ogical— of,  44N. 
origin  of,  448,  449. 
use  of.  449. 
Connor — quarry  of  (see  Qnarry). 

Patrick,  referrod  to,  239. 
Constituents  —  acct'ssory  —  of       igneous 
rocks,  36. 
injurious — concealed     by      weather- 
ing. 49. 
•Construction — masonry — boulders      used 

for,  353. 
Construction    (see    Expansion    and    con- 
traction), 
stresses  occasioned  bv.  19. 
♦Cook  &  Rrown— quarry  of  (see  Quarry). 


Copings — characteristics    of    stone    foi, 

350. 
Cornices — characteristics    of    stone    for, 

350. 
Cost  of  stone  (see  Stone). 
Costello — quarry  of  (see  Quarry). 

Thos.,  referred  to,  337. 
Crack.s — resulting    from      freezing     and 

thawing,  377. 
Cranberry       Klver — quarry       of        (see 

Quarry). 
Cray — iiuarry  of  (see  Quarry). 
Almond,  referred  to,  245. 
Cribs — characteristics  of  stone  used  for, 
10. 
quarries  of  stone  suitable  for,  355. 
Crosby,  \V.  (i.,  referred  to,  206. 
Crouch,  Levi,  referred  to,  236. 
Crushing  Htreugth  tests  (see  Tests). 
Crystalline — character  of  limestone,  39. 

sandstone,  39. 
Crystallization — of  minerals,  432,  433. 
Culvert.s — stone  suitable  for.  10. 
Curbing — demand  for  stone  for,  9,  10. 
observations  on,  54. 
quarries  of  stone  suitable  for,  355, 
356. 
Currier,  (Jeo.,  referred  to,  296. 
Cutting   (see  Dressing). 


Dale — llmestono  of — quarry  of,  268. 

(See   LIm«»stone,   Dale,   and  quarry, 
Balllet.) 
Danlells.   I'rof.   W.   W.,  referred  to,  197, 

314.  332.  3;;5. 
Darllngtim — IiriieHt(-ne  quarries  of,  260. 
(See     LimeHtone.     Darlington,     and 
<iuarry  Tbompson,   Fawcett,  Cone 
and  Hurgland. ) 
Stone  Co. — (|uairy  of  (see  Quarry). 
Data — Htatlstlcal  <Ree  Statistical  data). 
DavlH  Hros. — <ninrry  of  (see  Quarry). 
Decay  of  bulbllnirs— due  to  Improper  lay- 
Insf  of  stone.  In   iioston  and  New 
York.  2s. 
Decay  of  .stone    (see   Dinintegratlon  and 
dec.>mi)os!tlon  i. 
effect  of  climate  on.  16. 
external  causes  of.  16. 
tlirouKh  cbemlcal  changes,  17. 
dislntecratlon.  17. 
Decoloration   (see  Decay  and  Decomposi- 
tion), 
of  limestone — cause  of,  13. 
Decomposition    (see   Decay   and   Disinte- 
gration), 
agents  of — c!assIflcation  of,  17. 
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Decomposition — chemical   —  agents  of, 
32. 
of  stone,  rate  of,  32,  33. 
of  feldspar,  35. 
of  iron  sulphide,  eCTect  of,  on  lime' 

stone,  33. 
of  marcasite,  36. 

of  pyrite — elfect  of.  on  limestone,  40. 
of     stone — caused      by     decay     of 
plants,  27. 
Demand  for  stone  (see  also  Uses), 
for  bridge.  10. 
for  building,  3,  6. 
for  curbing.  9. 
for  hitching  posts,  10. 
for  fences,  10. 
for  monuments.  6.  8. 
for  mounting  blocks,  10. 
for  retaining  walls,  10. 
for  road-mnking,  8,  0. 
for  stops,  10. 
influence  of  color  on,  421. 

of  reputation  on,  421,  422. 
Depression — In  stone  formed  by  weather- 
ing. 42. 
Depth — disappearance  of  Jointing  with, 

49. 
DeVoe,    Fred,   (iranlte   Co.,    referred   to, 

133. 
Devonian — occurrence   of   in   Wisconsin, 

85. 
Dexterville  granite  (see  Granite). 
Diabase — color  of,  447. 
origin  of,  447. 
texture  of.  447. 
Dikes — In  quarry  of  Berlin  Granite  Co., 
108. 
L.  S.  Cohn  Granite  Co.,  189. 
Merkle  Granite  Co..  100. 
Montello  Granite  Co..  92. 
(See  Veins — pegniatltic). 
Discoloration — of  stone  due  to  algae,  27. 
impurities  in  cavities,  25. 
mortar,  cement,  or  brick,  12. 
stone,  12. 
Iron  carbonate,  12. 
Iron  sulphide,  12.  36. 
lichens.  27. 
Disintegration  (s<»e  Decay  and  Decompo- 
sition), 
agents  of — classification  of.  17. 
importance  of  withstanding,  38. 
of  monuments,  causes  of,  63. 
of  obelisk,  17. 

of  stone,  aided  by  Ignorance  or  neg- 
ligence of  quarry  men.  828. 

Improper  methods  of  quar- 
rying. 29. 
solution.  38. 
ccused  by  roots  of  trees,  27. 


Disintegration    of  stone — depth   of- 
termined   by  gnairy  otoi 
tlons,   47. 
due  to  Ivy.  27,  28. 
effects    of    length    of   exp< 
on,  48. 

position  on,  48. 
sawed         and        hamn 
dressed  surfaces  on, 
in  glaciated  regions,  48. 
inherent  causes  for,  47. 
In  non-glaclated  regions,  4^ 
resnlt     of    external     condi 
on,  47. 
Dodge  county — quartxite  of,  164. 
Dolomite — alteration  products  of,  4< 
composition — chemical — of,    444 
distinguished    fi*om    limestone, 

453. 
occurrences  of.  440. 
outside  of  Wisconsin — ^table  ol 
rosity  of,  413,  414. 

table     of     specific    gn 
of.  413.  414. 
physical  properties  of,  440. 
sedimentary  origin  of,  37. 
(See  Limestone.) 
Dressint; — cost    of — effect     on     prla 
stone.  422,  423. 
effect  of — on  color,  13. 
of  granite — appearance  of,  94, 
124.  128,  129.   134,   144.  147, 
157. 
of  limestone,  274,  305,  313,  316, 

336,  337,  344. 
of  rhyollte.  102,  103,  117. 
of    sandstone.    196,    214,    215. 
225.  230.  233,  236,  247.  251. 
Duck  Creek — limestone  quarries  of, 
280. 
(See  Limestone,    Duck     Creek 
quarry  Duck  Creelc,   Glllen   S 
Co.,  and  C.  &  N.  W.  Ry.  Co). 
Duck  Creek  Co. — quarry  of  (see  Quai 
Duluth  Brownslone  Co. — quarry  of 

Quarry). 
Dunnvllle — sandstone,    quarries   of, 
227. 
(See     Sandstone,      Dunnvllle, 
quarry    Dunnvllle.     Lester,    I 
and  Celleyham.) 
Durability — determination  of,   by   pi 
cal  tests,  57. 
eflTect  of  age  of  building  on  estlx 
of.  52. 

climate  on.  34. 
grade  of  stone  on,  52. 
joints  on.   44. 
porosity  on.  68.  373. 
sedimentary  planes  on.  44. 
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130. 
159. 
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Durability — effect  of  scListositj  on,  44. 
structure  on,  44. 
texture  on,  40. 
estimate  of,  by  growth  of  lichens, 50. 
from   polished   or   grooved   sur- 
faces, 48. 
from  8tren;;th.  crushing,  58. 
evidence  of,  in  builuingrs  of  Wiscon- 
sin, 52. 
Inferred  from  observr.tions  on  bu*.a- 
Ings,  51. 

monuments.  53. 
of  amphl'jolo,  3l'>. 
of  buildings,  3,  31. 
of  calclti',  37. 
of  fold.siJ:.r.  4;{r..  43G. 
of   granite.    .::..    07.    11-1.    125, 
133.  14.-..  147.   l.'iO.   l.:o,  157 
of  greenstone.  30.  447. 
of  Igneous  roclis.  35. 
of  quartz.  434. 
of    limestono.    2."0.    200.    269, 

279,  280.  280.  2S0,  290,  295,  307, 
311,  315,  317,  325.  :{33,  .330,  344, 
383. 
of  mica,  3C,  43«^. 

of  monuments — npcesslty  for,  420. 
public  buildings.  52. 
of  pyroxene,  30,  438. 
of  quartz.  35. 
of  rhyolite,  35.  105.  119. 
of  road  materials.  e'=!tlmate  of,  53. 54. 
of  sandstone.  173.  177,  178,  210,  211. 

230,  234,  248,  450. 
effects  of  clay  pockets  on,  173. 
of  sedimentary  rocks,  30. 
of  stone — compared  with  brick.  428. 
determined   by   quarry   observa- 
tions. 47. 
effect    of   climate   on,    426. 

427. 
meaning  of.  34. 
misinterpretation   of.   from 

porosity  of  stone,  68. 
Wisconsin  —  evidences  of, 
from  tests.  388. 
size  of  por<»R.  effect  of,  08,  373. 
tests  of,  58.  63. 

discussion  of,  358. 
value  of.  424.  425. 
(See  Tests.  Physical.) 
Darand — sandston^^ — quarries  of,  245. 
(See  Sandstone.  Durand,  and  quarry 
Poeschl  and  Hardy.) 


Ebner — referred  to,  265. 

Edge — strengrth,  crashing,  on,  compared 

with  bed,  866. 
Bffloreicence — caused  by  weathering,  40. 


Efflorescence — decomposition      of      iron 
sulphide  resulting  In,  83. 
on  stone — cause  of,  13. 
Egypt — effect     of    climate    on     obelisks 

of,  16. 
Elasticity — co-efficient  of  (see  Elasticity, 
modulus  of), 
modulus  of — compared  with  crushing 
and      transverse     strengths, 
371. 
bow  expressed,  62. 
method   of   obtaining,    63,   369, 

370. 
<.f  granite.  370. 

table  of.  398. 
of  limestone,  370. 

table  of,  398,  399. 
of  sandstone,  370,  371. 

table  of,  399. 
\ilue  of.  02.  03,  369. 
Engel.  Fred.,  referred  to,  283,  284. 
Kiiulpment — of   quarry     (see    Statistical 

d:UaK 
ICurope — pr.'inites     of — used     for     mono- 

ments.  7). 
Excelsior     Brownstone    Co.— quarry     of 

(see  Quarry). 
Exf(»llatlon — effect  of  bedding  on,  81. 
laying  stone  on  edge,  31. 
efft'ct    of    superincumbent    pressure 

on.  31.  32. 
of  sandstone  In  eastern  cities — cause 
of,  31. 
Expansion  and  contraction — due  to  freei- 
Ing     and     thawing     of     included 
water.  18.  20. 

r.iK'  to  bent — effect  of.  18,  19. 
of  frerzlnc  water — force  of,  20. 
Expansion — of  granite,  18. 
of  marble.  18. 
of  minerals.  18.  19. 
of  snndstono.  IS. 
Evaporat'on — of  quarry  water,  30. 
Evening  Wisconsin — referred  to,  170. 
Facilities — for   quarrying— effect    of.    on 

granlto  Industry.   163. 
Farquhar.  rHf»»rr**d  to.  170. 
Faultinc — In     quarries     of    Wauwatosa, 
300.  301. 
In  Post  yVlgonklan  rocks,  86. 
of  sandstone — Argyle.  251. 
Fawcett.  Thos..  quarry  of  (see  Quarry). 

referred  to.  293.  294. 
Feet — abrnslon  by.  26,  27. 
Fences — demand  for  stone  for.  10. 
Feldspar — alteration     products     of,     85, 
435.  4.36. 
composition — chemical— of,  485. 
decomposition  of.  85. 
durability  of,  435,  486. 
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Feldspar — length  of  time  necessary  for 
alteration  of,   35. 
physical  properties  of,  435. 
Felker.  Henry,  referred  to,  206. 
Robt.,  referred  to,  283,  284. 
quarry  of  (see  Quarry). 
Fernow,  Wm.,  referred  to,  267. 
Flag  Uiver  quarry  (see  Quarry). 
Flint — in   limestone — Lower   Magneslan, 

258. 
Flooring — stone  used  for,  16. 
Flowage — structure  in  igneous  rocks,  456. 
Fissile    planes — danger    to    sedimentary 
rocks  from,  25. 
pores,  openings  along,  distinguished 
from,  24,  25. 
Fissiiity — distinguished    from    cleaTage, 
459. 
effect  of,  on  strength,  44. 
openings  along  planes  of,  20. 
Folding— of  rocks,  86,  250.  251.  459,  460. 
Formations  of  limestone  (see  Limestone). 
Forrestall — quarry  of  (see  Quarry). 

referred  to,  323. 
Fossils — appearance  of.  In  Cambrian,  81. 
occurrence  of,  in  Trenton  limestone, 

83. 
weathering  of,  42. 
Foundations — use  of  boulders  in,  161. 
Fountain    City — limestone    quarries     of, 
264    (see    Limestone,    Fountain   City, 
and  quarry,  Oenning  &  Glesen). 
Fox  River  Valley — limestone  quarries  of, 
280,   288    (see    Limestone   i  ox   River 
Valley,     Appleton,    Osbkosh,    Neenah, 
Menasha. ) 
Freezing  and  thawing — artificial  method 
of  determining  injury  from,  71. 
conditions  affecting  injury,  21, 

22,  23.  71. 
cracks  resulting  from,  377. 
danger  from — effect  of  siae  of 

pores   on.   25,    375-382. 
decay  of  building  stones  due  to, 

24,  25. 
difficulties  In  quantitatively  es- 
timating results  of,  70. 
effect  of.  at  water  line,  70. 
time  element  on.  382. 
ways    In    which    manifest, 
377. 
expansion  and  contraction  due 

to,  20. 
general    considerations   relative 

to,  381. 
injury   from,   not  expressed   by 

loss  in  weight,  378. 
loss   of  crushing  strength  due 
to.  28.  379,  381. 


Freesing    and  thawing — loss   of  welgiit 

resulting    from,    377,    378. 

method  employed  by  aathor  in 

determining    effect   of,   71, 

72. 

mistakes   In   estimating  danger 

from,  23. 
natural  method  of  determining 

effect  of,  71. 
of   granite — effect    of,    96,    113, 
125,  137.  146.   147.   149,  157, 
158. 

loss  of  weight  due  to,  878. 
strength,    cmahing  — 

379,  380. 
compared    with    lime- 
stone     and       sand- 
stone,    381,    382. 
and     rhyollte.      Wisconsin, 
loss  of  crashing  strength 
due  to,  table  of.  407. 
of    Interstatlal    water— disinte- 
gration due  to,  70. 

expansion    and  contraction 

due  to.   18. 
results  of,  70. 
of    limestone  —  danger    from, 
not  dependent   upon   deposit 
from  Interstatlal  water.  384. 
loss  of  strength,  crashing, 

380. 
compared    with   sandstone. 
381,  382. 
effect    of,    260.   275.   281,    306. 
314,   316,    326,    336,   343. 
reason  for  susceptibility  to 

injury  from,   382,    383. 
table   of — showing   loss   in 
weight.  405. 

showing  loss  in  crush- 
ing strength  due  to. 
407. 
of  rhyollte — effect  of,  104,  378. 
of    sandstone — effect     of,    176. 
177,  198.  225,  232.  238,  241» 
242,  252. 

loss   of    crushing   strength 
due  to.  380.  381. 
table  of.  408. 
weight  due  to,  378. 
table  of,  406. 
of  water  along  bedding  planes, 

injury  from,  23,  24. 
relation   of  porosity   to    Injury 

from,  373. 
result    of,    after  35  days,  878, 

379. 
stone    best    adapted    to    with- 
stand, 25. 
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Freezing       and       thawing — tests      (see 

Tests). 
French  Granite  Co. — (see  Quarry). 
Fronts — of  buildings — built  out  of  stone, 

4. 
Fuchs,  Ph.,  referred  to,  165. 


Gabbro — composition — mineraloglcal     of, 
447. 

texture  of,  447. 
Galena  (see  Limestone,  Trenton). 
Gall— quarry  of  (see  Quarry). 

referred  to,  234. 
Gas— carbonic   acid — effect  of,   on   lime- 
stone,   260,    276.    306,    314,  317, 
326,  332,  336.  343,  344.  384,  385. 
table  of,  410. 
tests  to  determine,  74. 
sulphurous  acid. 

effect  of — on  limestone,  260. 
276,  306,  314,  317,  326,  332, 
336,  344,  384. 

table  of,  400. 
tests  to  determine,  74. 
Gelger — quarry  of  (see  Quarry). 
Geike,  Sir  A.,  referred  to,  20. 
Genesee — limestone  quarries  of,  311.  312. 
(See  Limestone,  Genesee,  and  Quar- 
ry,   Genesee    Quarry    Co.    &  *^ee 
Bros.) 
Genesee    Quarry    Co. — quarry    of     (see 

Quarry). 
Geological  history  of  Wisconsin.  77-87. 
Geology  of  Wisconsin  referred  to,  273. 
Glllen      Stone      Co. — quarry      of     (see 

Quarry). 
Gllmore,  Genl..  method  employed  by.  In 
determining  specific  gravity,  63. 
referred  to,  60. 
Glaciers — effect  of,  on  surface  of  rocks, 
86. 
transportation  of  boulders  by,  87. 
Gneiss — characteristics  of.  455. 

occurrences  of — in   Wisconsin.   455. 
origin  of,  455. 
Gottschenberg.  Wm.,  referred  to.  156. 
Gower— quarry  of  (see  Quarry). 

Owen  E.,  referred  to.  292. 
Grading — sandstone — Lake  Superior, 

212-214. 
Grafton — limestone  quarries  of,  328. 
(See  limestone — Grafton  and  Quar- 
ry Anschuets.) 
Grains — Interlocking    character    of,    re- 
lated to  strength,  41. 


Grains — Interlocking    character    of,    re- 
lated to  porosity,  41. 
shape    of — effect    on    hardness    of 

stone.  43. 
size  and  uniformity  of — weathering 

influenced  by,  41,  42. 
size  of — effect  on  porosity,  41. 
effect  on  strength,  44. 
Grand  Chute  quarry  (see  Quarry). 
Grand  Rapids  and  Centralla — sandstone 
of — (luarries  of,  241,  244. 
(See  Sandstone — Grand  Rapids  and 
Centralla.) 
Granite — after  crushing,  shape  of  pieces^ 
362,  363. 
alteration  of.  445. 

areas  in  Wisconsin  from  which  quar- 
ried, 90. 
Amberg      red — composition,     miner- 
aloglcal, of,  146. 
dressing  of,  146. 
durability  of,  147. 
freezing  and  thawing  of,  effect 

of,  146,  147. 
observations  on,  145,   146. 
porosity  of.  146. 
specific  gravity  of.  146. 
strength,  crushing,  of,  147. 
tests — laboratory,  of,  146. 
physical,  of,  146,  147. 
weathering  of,  146. 
Argyle — character  of,   143. 

durability  of,   145,   150. 
AthelBtane — buildings       constructed 
out  of,  155. 
composition,  chemical,  of,  148. 

mineraloglcal.  of,  148. 
dressed  surfaces  of,  appearance 

of,  147,  148. 
durability  of,  155. 
effect  of  freezing  and  thawing 
on.  149. 

heat  on.  148. 
elasticity,  modulus  of,  of,  870. 
observations  on.  In  quarry,  147. 
porosity  of.  148. 
specific  gravity  of,  148. 
strength — crushing,      of,      149, 

362. 
tests,  laboratory,  of,  147-149. 

physical,  of,  148,  149. 
weathering  of,  147. 
beauty  of,  as  shown  by  llthographa, 

425. 
of  Berlin  Granite  Co.  (see  Granite, 

Waushara) . 
Black  River  Fal la— jointing  of,  160. 
obterratlona  on,  159,  160. 
blocks — for  road  conatmctlon,  8,  9. 
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Grmnlte  City — quarry  of  (see  Quarry  of 
Leuthold.  also  see  granite.  Gran- 
ite City). 
Oranite— <x>lors  of,  444,  445. 

L.  8.  Cohn  Granite  Co.   (see  Gran- 
ite, Wausau). 
composition,  mineralogical,  of,  444. 
crushing     of,     pyramids      resulting 

from,  362,  363. 
Dexterrllle — obs^rration  on.  160. 
durability  of.  35. 
difBculties     in     quarrying      conooi- 

ically,  162,  163. 
eastern,  compared    with  Wisconsin, 

162. 
effect  of  beat  on.  38<». 
elasticity,  modulus  of,  of,  370. 
expansion  of.  18. 
flaking  due  to  heat.  386. 
freexing    and    thawing    of — loss    in 

weight  due  to.  378. 
Fourche  Bit. — strength,  crushing,  ot. 
compared  with    Blarblehead  lime- 
stone, 335,  336. 

compared     with    Mon- 

tello   granite,   361. 
compared   with     Wau- 
shara granite.  362. 
French  Granite  Co. — color  of,  156. 
composition,  mineralogical, 

156. 
dressed  surfaces  of,  appear- 
ance of,  157. 
elasticity,  modulus  of,  370. 
freexing    and  thawing — ef- 
fect of.  157. 
specific  grarlty  of.  157. 
strength,  crushing,  of,  157, 

362. 
tests,  laboratory,  of.  157. 
physical,  of.  157. 
fsreign — quality  of,  7. 
Granite  City — color  of.  123. 

composition,  mineralogical, 

of.  124. 
dresspd  surfaces.   124. 
durability  of.  125. 
freezing    and    thawing    of, 

effect  of.  125. 
porosity  of,  125. 
specific  gravity  of.  125. 
strenirth.  crushing,  of.  125, 

362. 
tests,  laboratory,  of.  124. 

physical,   of.    125. 
Telns  In.  124. 
weatherlnjr  of.  123. 
Granite  Heights  (see  Granite.  Wau- 
sau). 


Granite — Heights — quarries   of,   ISl. 
Co.— qaarry  of  I  see  Qoarry). 
flrat  qoarry  at.  8^,  89. 
granite    of  isee    Granite.  Wan- 
•an). 
Hunting— exposures  of.  122. 
jointing  In,    122. 
weathering  of,  122. 
industry    In     Wisconsin— coadnslon 
relative  to.  162.   164. 
Granite — Industry — difBculties     met    by 
promoters  of.  89. 

effect    of  limited   facilities  fbr 
quarrying  on.  89,   163. 
transportation  on.   163. 
wages  on.  163. 
future  of.  163.   164. 
Irma — color  of,  158. 

composition,     mineralogical   ot 

158-159. 
durability  of.  159. 
effect  of  freexing   and  thawing 
of.  158. 

heat  on.  158.  159. 
elasticity,  modulus,   of.   370. 
porosity  of.  158. 
specific  gravity  of.   158. 
strength,  crush  in;?,  of.  159.  362. 
tests,  laboratory,  of,   158. 

physical,  of.   158. 
Jenny  Bull  Falls— obserratlons  on, 

160. 
kinds  of.  444. 
loss  In  strength  of — due  to  freexing 

and  thawing.  379.  380. 
Maine — reputation  of.  6. 
Massachusetts — reputation  of.  6. 
Merkle    Granite    Co.— equipment  of 
quarry.  100. 

jointing  In  quarry  of.  106. 
stripping  of  quarry  of,  100. 
use  of  granite  of.  100. 
of  Milwaukee  Monument   Co.      (see 

Granite.  Waushara). 
Montello  Granite  Co..   color  of,  92. 
93. 

composition,  chemical,    of.  96. 

mineralogical  of.  94.  95. 
dressed     surfaces    of.      appear- 
ance of.  94. 
effect  of  freezing  and   thawing 
of.  96. 

heat  on.  96. 
equipment  of  quarry  of,  98. 
hindrances   to   development   of» 

jointing  of.   93. 

lichens  on  natural  exi>08nres  of» 
92. 
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•Granite — Montello — porosity  of,  96. 
specific  gravity  of,  96. 
strengtli,  and  durability  of,  97. 
crashing  of,  07. 

compared    with     Four- 
cheMt.  <;ranite,361. 
compared     witli     Mar- 
blebead       limestone, 
336. 
compared       with       St. 
Cloud  granite.  361. 
transverse  of,  97,  368. 
suitability  of,  for  buildings,  98. 
macndum.  97. 
monuments,  98. 
paving.   97. 
tests,  laboratory,  of.  94. 
physical,  of.  96,  97. 
texture  of,  9.'i. 
veins  in,   93. 

(See  Quarry.  Montello  Granite 
Co.   and  Morkle  Granite  Co. 
monuments — ago  of.      iu   Wisconsin, 

53. 
New    Hill   O'Fair   Co.    (see   Granite. 

Wausau). 
origin  of,  443,  444. 
outside      of      Wisconsin — table      of 
crushing  strength   of.   415. 

table  of  porosity  of,  413. 
table  of  specific  gravity  of, 
413. 
nice  River — character  of.  143. 

composition,     mineraloglcal     of, 

144.  145. 
dressed  surfaces  of.  appearance 

of.  144. 
elasticity,   modulus  of,   370. 
Jointing  in,  140.   l.'O. 
output   of.   l.'O. 
porosity    of.    145. 
specific  gravity  of.   145. 
strength,  cru8hln;r.  «»f.   1^^- 
teats,  laboratory,  of.  144 

physical,   of.    145. 
weathering  of 
pores  In — size  of.  374 
porosity  of.  avernije.  374. 
Prairie   Illver — rhar:irt«'r  of 
color  of,  159. 
jointing  In.   1.50. 
quarrlps  of — for  building  stone.  351. 

(See  Quarry  of.) 
Scandinavian — use     of,     for     monu- 
ments. 7. 
Scotch — use  of,  for  monuments,  7. 
specific  gravity  of — effect  of  compo- 
sition, mineraloglcal  on.  372. 

mnxfmnm.    minimum,    and 
average,  871. 


145. 


o-ir 


1.59. 


Granite — Spring     Lalce     and     Montelio 
(see  Granite,  Waushara). 

Granite    Co.    (see    Quarry, 
Spring   Lalce    and     Mon- 
tello Granite  Co.) 
St.    Cloud.     Minn. — strength,   crush- 
ing, compared  with  Montello,  361. 
Waushara,  362. 
strength,    crushing — loss   of,   due   to 
freezing    and    thawing,    compared 
with  sandjJtonp,   381,  382. 
transverse  of,  368. 
tarlflf  on    Importation  of,   71. 
textnro   of.    444. 
use  cf.  far  monuments,  6,  426. 
for  road  construction,  90. 
Vermont — reputation   of,   60. 
Waupaca — buildings       and        monu- 
ments    constructed     out     of, 
cf.Ior  of,   1L>7.   128. 
dressed  surfaces  of.  appearance 

of.    128,    129. 
dtirabllity   of,    130. 
composition,     mineraloglcal,   of, 

120.  130. 
weathering  of.  127. 
Wausau — areal   extent  of,   131,   132. 
color  of.  133.   134,  140. 
composition,   chemical,   of.    136. 

mineraloglcal.  of,  135. 
description  of    individual  quar- 
ries of.   138. 
develoiunont  of,  history  of,  132, 

13:i. 
dikes  in.  ir^O. 
dressotl  surfa<'es  of.  appearance 

of.  134. 
durabnity  of.   1.33. 
effort   of   fr<»ezlng  and   thawing 
of.  1.34.  137. 
h»'nt  on,  i:i«.  137. 
elasticity,    modulus  of,  of,   870. 
f»bs<*rvat ions  on.  13.3. 
porosity  of.   136, 
pppcltlf  irravlty  of,  136. 
Ftr^^n^th.  rmsblng.  of,  137. 

compared       with       St. 
Cloud.  Minn.,  302. 
transverse,    of,    137,    368. 
tests,  laboratory,  of.  134. 

physical,  of.   136. 
weathering  of,  133,  134. 
weight  per  cubic  foot  of.  376,  377. 
Waushara — as  a  building  stone,  114. 
color  of,  107,  108,  110. 
composition,   chemical,   of,   112. 

mineraloglcal.  of.  111. 
dressed  surfaces  of,  appearance 

of.  110. 
porosity  of,   96. 
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Granite — Waushara — durability  of,  114. 
effect  of  freeslnir  uid  thawing 
of,  118. 
of  heat  on,  113. 
elasticity,  modulus  of,  of,  870. 
for    monuments — suitability  of, 
114. 
paTings  —  suitability     of, 
hammer   dressed   and    polished 
surfaces— contrast    In     color 
of,  110. 
porosity  of,  113. 
rift  In,  108. 

specific  grarlty  of,  112. 
strength,  crushing,  of,  118,  114. 
compared  with     Four- 
Che      Mt      Granite, 
362. 
transrerse,  of,  113,  114. 
tests,  laboratory,  of,  110,  114. 

physical,  of,   112-114. 
uses^of,  114. 
Wisconsin — beauty  of,  7. 
colors  of,  89. 

compared  with  eastern,  162. 
possibilities  of,  89. 
preference  shown  for,  80,  90. 
quality  of,  7. 
suitability    of,    for   ornamental 

purposes,  00. 
table  of  effect  of  freeslng  and 
thawing  of.  404. 

of  heat  on,  411. 
of    elasticity,    modulus    of, 

of.  398. 
of  porosity  of,  400.  401. 
of  specific  gravity  of,  400, 

401. 
of    strength,    crushing,    of 
390,  391. 

showing    loss    due     to 
freezing  and    thaw- 
ing, 407. 
transyerse.  396. 
of  weight  per  cubic  foot  of 
400,  401. 
texture  of,  89. 
Yellow  River.  160. 
Green  Lake    Granite  Co. — purposes    for 
which  rhyollte  of,  is  suitable,  119. 
quarry  of   (see  Quarry). 
Greenstone — durability  of,  36,  447. 

composition,   mlneralogical,  of,  447. 
Important  kinds  of,  447. 
use  of,  447. 
Grimms  and  Brillion — limestone  quarries 
of.  330. 

(See    Limestone,    Grimms    and 
Brillion.) 


Grooves — glacial — ^haxdneas 

by,  49,  50. 
Groth  and  I'etera — quarrj  of  ( 

ry). 
Grover,  E.  A.,  referred  to,  237. 


Qsar- 


Hackley — character  of  Lower  ^•gnffi%» 

82. 
Hadfleld  k  Co. — qnarrj  of  (see  Qoarry). 
Hagen— quarry  of  (see  Qoarry). 
Hall,  Prof.  James,  quoted,   60. 

referred  to,   170. 
Hamilton — limestone  quarrl^  of.  887. 
(See  limestone,  Hamilton.) 
Lime  and  Stone  Co. — quarry  of  (see 

Quarry), 
formation,  deposition  of,  85. 
limestone — character    of,    85. 
relation  to  Niagara,  298. 
Hammers  and  sledges — use  of.  In  qnarrv- 

ing,  29. 
Happe  Bros. — quarry  of  (see  Quarry). 
Hardness— of  limestone,     Niagara,   298, 
347. 
of  minerals.  433. 

effect  on  hardness  of  stone,  48L 
of  sandstone,  175,  450. 
of  stone — controlling  factor  In,  144. 
determination  of,  43. 
effect    of    cementing    materials 
on.  43. 

on  durability,  35. 
shape  of  grains  on,  43. 
slse  of  minerals  on,  43. 
estimated   by  grooving   or   pol- 
ishing. 49.  50. 
growth  of  lichens,  50. 
Hardy,  P.  E..  referred  to,  245. 
Harmon  and  Sons — quarry  of  (see  Qoar- 
ry). 
Hartley  Bros. — quarry  of   (see  Qoarry). 
Head  in  rhyollte — Berlin,   102,   referred 

to.  446. 
Heat-— capacity    of    different    stones    to 
withstand,  72. 
Wisconsin    stone    to  withstand, 
387. 
effect  of — discussion  of.  885. 

on  buildings  constructed  oot  of 

Wisconsin  stone.  73. 
on  different  building  materials, 

72. 
on     granite    and    rhyollte,    06, 
113,  136,  187,  148,  158,  160, 
386. 
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Heat — effect   of,   on   granite   and   rhyo- 
lite,  table  of,  411. 
on    limestone,    276,   281,    306, 
308,  314.  317,  326,  332,  336, 
343,  385. 

table  of,  411. 
on  rhyolite,  104. 
on   sandstone,     177,     198,    225, 
226,  232,  238,  386. 
table  of,  412. 
on    stone    In  general,    34,  386, 
387. 

shown    by    sound     emitted 
when  scratched,  386. 
flaking  of  granite  due  to,  386. 

limestone  due  to,  385. 
Intensification    of  stratification  due 

to,  385. 
loss  in   strength,   crushing,   due  to, 
387. 
nature  of  injury  to  stone  by, 

Y2,  73. 
rupture  of  particles  of  stone  oc- 
casioned by,  388. 
tests  (see  Tests). 
Helderberg  (see  Lower  Helderberg). 
Helker,  Peter,  quarry  of  (see  Quarry). 

referred  to,  294. 
Hematite — alteration  products  of,  441. 
composition,  chemical,  of,  441. 
occurrences  of,  441. 
physical  properties  of,  441. 
Hemp,  Fred,  referred  to,  239. 
Herman — quarry  of  (see  Quarry). 

Henry,  referred  to,  247. 
High  Bridge — quarry  of.   156. 

(See    Granite,    High    Bridge,    and 
Quarry,   French   Granite  Co.) 
High  temperature  (see  Heat). 
History — geological,  of  Wisconsin,  77-87. 
Hitching  posts — demand    for  stone  for, 
10. 

quarries  of  stone  suitable  for,  357. 
use  of  stone  for,  10. 
Hodglns,  referred  to,  269. 
Hopkins.  T.  C,  quoted,  64. 

referred  to,  22.  64. 
Hortonyiile — limestone  quarries  of,  269. 

(See  limestone,  ITortonville.) 
Houses — color  of  stone  in  building,  14. 
Hrachy,  Ferd.,  referred  to.  239. 

(Quarry    of — see    quarry    of    Hemp 
and  Hrachy.) 
Hndson — limestone  of.  266. 

(See  limestone.  Hudson.) 
Hndson  RiTer  Shale — character  of  rocki 
of.  84. 
conditions  of  deposition  of,  84. 
relation  to  Trenton  limestone,  270. 
■arflclal  extent  of,  284. 


Hummel    and    Elliott— quarry    of    (i 
Quarry). 

referred  to,  323. 
Hunt,  T.  S.,  quoted,  68. 

referred  to,  22. 
Hunting — exposure  of  granite  at,  122. 
Huronian — areal  extent    of,    in  Wlscon* 
sin,  79. 
differences    in  rocks    of  Upper    and 

Lower,  in  Wisconsin,  79. 
Lower — condition  of  Wisconsin  dur- 
ing formation  of,  78. 
metamorphism  of  rocks  of,  79,  80. 
Upper — condition  of  Wisconsin  dur- 
ing formation  of,  78. 
wealth  of  building  stone  In,  80. 


Ice — as  a  wedge,  24. 
Iddlngs,  J.  P.,  referred  to,  56. 
Igneous  rocks  (see  Rocks,  granite,  rhyo- 
lite, greenstone), 
color  of,  11,  12. 
durability  of,  85. 

Interlocking   character   of    minerals 
of,  18. 
Illinois  Iron    and  Steel    Co.— quarry  of 

(see  Quarry). 
Imbibition — mineral    matter    carried    by 
water  of,  30. 
water  of.  In  stone,  21. 
referred  to.  374. 
Impurities — in      cavities,      discoloration 

due  to.  25. 
Incrustation    (see  Efflorescence). 
Ingalls,  referred  to,  195. 
Irma — granite  quarry  of,  157. 

(See    Granite — Irma    and  Quarry — 
Jenks.) 
Iron    carbonate — discoloration    of    stone 
due  to,  12. 
rate  of  decomposition  of  stone  In- 
fluenred  by,  33. 
Iron — competition  with  stone,  8. 

effect  on    specific    gravity    of  sand- 
stone, 372. 
ore — Clinton — relation    to    Niagara 

limestone.  208. 
oxide — affinity  of,  for  different  min- 
eral substances,  38. 
as  a  cement,  37. 
solubility  of,  38. 
streaking  of  sandstone  due  to, 
174. 
River    Red    Sandstone    Co.— iiuarrj 

of  (see  Quarry), 
sulphide — discoloration  of  stone  doe 

to,  12. 
effect  of  decomposition  of,  mi  llmo- 
■tone,  88. 
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iron — effect  of  moletare  on  rate  of  de- 

oompoeltlon,  83. 
lAland  City  qnarrj  (see  Quarry). 
IT7— dlaintegratton  doe  to»  27,  28. 


Jefferaon  eounty — qoartalte  of,  164. 
Jenka— qaarry  of  (see  Quarry). 
Jenka,  O.  J.,  referred  to,  158. 
Jennlnga,  Smith,  referred  to.  238. 
Joints — adyantases    of.     In    quarrying, 
458. 
due  to  changing  temperaturea,  19. 
effect  of  depth  on,  49. 
effect  of  durability  of  rocks,  44. 
«ffect  of  weathering  on,  49. 
in  masonry  wall — sise  of,  349. 
in  quarries,  92,  93,  100,  101,   108, 
109,  110,  116,  120,  122,  123,  127, 
138,  139,  149,  150,  152,  153,  156, 
160,  171.  184,  186,  188,  196,  200, 
,  20:^,  204,  223.  224.  233.  234,  235, 

236,  280,  240,  242,  243,  246,  260, 
265,  268.  273.  281,  282,  284,  285, 
-288,  289,  292,  293,  294,  295,  296, 
300,  309,  312,  313,  319,  321,  324, 
327,  329,  331,  333,  337,  339,  340. 
in  rocks — igneous,  459,  460. 

sedimentary,  86,  457. 
obseryations  on — in  quarry,  47. 

occurrence    of.     In    Wisconsin, 
458. 
openings  along,  20. 
origin  of,  457. 
quarrying  facilitated  by,  29. 
strike  of,  in  Wisconsin.  459. 
Jones,  W.  H..  referred  to.  283. 
Jorgenson,  Jens,  referred  to,  283. 
Julien,  A.  A.,  referred  to,  17. 


Kaukauna,  quarries  of,  281. 

See  limestone,  Kaukauna,  and  quar- 
ry, Llndauer  and  Black.) 
Kearney.  J.  H..  quarry  of  (see  Quarry). 

referred  to.  823. 
Kenyon.  Wm.,  referred  to,  265. 
Kewaunee — limestone  quarry  of,  339. 
(See     limestone,     Kewaunee,      and 
quarry,  Moore.) 
Keweenawan — areal  extent  of,  80. 

conditions  of  formation  of,  78,  79. 
kinds  of  rocks  of,  79.  80. 
Klckbusch,  Aug.,   and   Son,   referred  to, 

183. 
Klefer   and   Flannagan — quarry  of    (see 

<)uarry). 
Kirchner,  Albert,  quarry  of   (see  Quar- 
ry). 


Knowles — ^llniestoBe     qnarrtos    ot   *H 
S32. 
(See  limestone,  Knowlca,  and  qaw- 
ry»  Baner  and  Happe  Bros.) 
Knox  ajatem  of  blaatlng.  29. 
Kohlhagen — quarry  of   (see  Quarry). 
Kube — ^referred  to,  267. 


Labor — coat  of,  for  quarrying  stone,  Sl 

Laboratory  teats    (see  Testa). 

Lake  Superior  sandstone  (see  Sandftoai^ 

Lake  Superior). 
Lake    Superior    brownstone    (see   Sand- 
stone, Lake  Superior). 
Lamin» — differences   in   texture  ot  «■■ 

phaalsed  bj  laying  on  edge,  32. 
Lang— quarry  of    (see  Quarry). 
Lang.  Robt  A.,  referred  to.  228. 
Lannon — limestone  quarries  of,  316,  321 

(See  limestone,  Lannon.) 
Lannon     Stone     Co. — qaarry     of     (see 

Quarry). 
Lapham,  Prof.  I.  A.,  referred  to,  ITO. 
Lapp,  Wm..  referred  to.  239. 
Last  and  Sons — quarry  of  (see  Quarry). 
Laurie  Stone  Co. — qaarry  of  (see  Qnar* 

ry). 
La  Valle— quarry  of   (see  Qaarry). 
Lee  Bros, — quarry  of   (see  Quarry). 
Lee.  (3eo.   P.,  referred   to,   180. 
John  F.,  referred  to,  286. 
Quarry  of  (see  Quarry). 
Lester— quarry  of  (see  Quarry). 
Wm.,  referred  to,  229,  262. 
Lettering  of  marble — Illegibility  of,  7. 
Leuthold.  J.  H..  quarry  of  (see  Quarry). 
Lichens — hardness  estimated  by  growth 
of.  50. 
occurrence  of,  on  granite.  92. 
on  sandstone.  250. 
protective     and     destructire     influ- 
ences of,  27. 

Llmonlte— composition.       chemical,      of^ 
441. 
occurrences  of.  441. 
Lime — output  of,  in  Wisconsin    in  1896, 
256. 

Limestone — ^accessory      constituents     ot, 
453. 
Afton — observations  on,  292. 
Appleton — observations  on.   282. 

Jointing  of,  282. 
Arcadia — characteristics  of,  267. 
Bedford — discoloration  of,  'l3. 
referred  to,  387. 

strength,  crushing,  of.  com- 
pared with  Lake  Superior 
sandstone,  175,   176,  865. 
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C/lmestone — Belott — buildings    cooBtnict- 
ed  oat  of,  289,  290. 
darabiiity  of,  287. 
general  conBlderationa    relatlTe 

to,  289. 
Jointing  of.  289. 
obseryations  on,  289. 
(Etee  quarry  Samp  and  quarry 
Merrill.) 
bitumen  In,  454. 
blocks,    as    a  road-making    material, 

9. 
blue.  271. 

Bridgeport  —  buildings  constructed 
out  of.  261. 
characteristics  of.  260. 
composition,    mineraloglcal    of, 

260. 
durability  of.  260. 
effect  of  freezing  and  thawing 

of,  260. 
gas.  carbonic  acid,  326. 
sulphurous  acid.  326. 
general   considerations    relative 
to,  262. 

Jointing  In,  260. 
obseryations  on.  261.  262. 
porosity  of.  260. 
specific  grayity  of,  260. 
strength,  crushing,  of,  260. 

transverse,  of,  260. 
tests,  laboratory,  of,  260. 
microscopical,  of,  260. 
physical,  of,  260. 
uses  of.  261. 

(See  quarry.     Bridgeport,    and 
quarry.   Maustin.) 
•buff.  270.  271. 

original  color  of.  272. 
Burlington — effect    of   freezing   and 
thawing  of.  326. 

gas,  carbonic  acid.  on.  326. 
gas.    sulphurous    acid,    on, 

326. 
heat  on,  326. 
general   considerations    relative 

to.  326,  327. 
porosity  of.  320. 
specific  gravity  of.  326. 
strength,   crushing,  of.   326. 
tests,  laboratory,  of.  326. 
(See  quarry,  Voree.) 
•calcination  of.  due  to  heat.  385. 
Cassvllle — characteristics  of,  296. 
'Cedarburg — color  of.  828. 
observations  on.  828. 
quarry  of,  828. 
texture  of.  828. 
uses  of.  328. 
(See  quarry — Oroth.) 


Limestone — cemented  with  silica,  89. 
color  of,  256. 

composition,  chemical,  —  varlatloa 
in,  255. 
mineraloglcal,  of,  37,  452. 
Cooperstown— observations  on,  346* 

847. 
crushing — pyramids  resulting  from, 

364. 
crystalline — character  of,  39,  255. 
Dale— Jointing   in,    268. 

texture  of.  268. 
Darlington  —  buildings  constractad 
out  of,  293. 
composition,  chemical,  of,  298, 

294. 
Jointing  of,  294. 
observations  on,  298. 
distinguished    from    dolomite,    452, 

458. 
Duck  Creek — bedding  of,  273. 

buildings    constructed    out    of, 

277,  278. 
characteristics  of,  274. 
composition,  chemical,  of,   275. 

mineraloglcal,  of,  275. 
dressed  surfaces  of,  appearance 

of,  274. 
durability  of,  276,  279. 
effect   of  freezing   and  thawing 
of.  276. 
gas.  carbonic  acid,  on,  276. 
gas,    sulphurous    acid,    on, 

276. 
heat  on,  276. 
elasticity,  modulus  of,  of,  879. 
general  considerations    relative 

to.  276.  279,  280. 
Jointing  of,  273. 
minerals,    accessory,    occurring 

in.  273,  274. 
observations  on.  273. 
porosity  of,  275. 
quarrying  of.  274. 
speclflo  gravity  of,  275. 
strength,  crushing,  of,  276,  364. 
tests,    laboratory,   of,   274. 

physical,  of.  275. 
use  of — precautions  relative  to, 

277,   279. 
(See    quarry  Oillen    Stone  Go., 
quarry  Duck  Creek,  and  qnar- 
ry  C.  &  N.  W.  Ry.) 
durability  of — effect  of  sise  of  pores 

on.  3«3. 
effect  of  carbon  dioxide  on.  34. 

decomposition  of  pyrlte  on,  83, 

40. 
fogs  and  consumption  of  coal 
on,  33. 
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Tilfitone    effect  of  frmwlm  aad  thaw- 
ing on,  87S. 
tablt  of,  40S. 
gaa,  carbonic  acid,  on,  884,  886. 

Uble  of,  410. 
gaa,  sulphnroiia  add,  on,  884. 

Uble  of,  400. 
beat— table  of,  411. 
elasticity,  modulna  of,  370. 

table  of,  808.  800. 
expansion  of,  due  to  beat,  10. 
flaking  of,  due  to  beat,  886. 
t»T  ballding  purpoeee,  266. 
formations  of,  266. 
FoonUin  City — uses  of,  264. 
Fox    lliyer     Valley — characteristics 
of,  280. 

general  considerations    relative 
to,  288. 
occurrence  of  pyrite  in,  280. 
texture  of,  280. 
freesing  and  tbawlng— danger  from, 
not  dependent  upon  deposit  from 
interatatlal  water,  384. 

susceptibility    to    injury    from, 
382.   383. 
Galena,  83,  270,  271. 
(See  also  Trenton.) 
Oenesee — buildings  constructed  ont 
of,  816. 
composition,  chemical,  818,  841. 

mineral oglcal,  313,  814. 
dressed  surfaces  of,  818. 
durability  of,  316. 
effect  of  freesing  and  thawing 
on,  314. 
gas,  carbonic  acid,  on,  ai4. 
gas,    sulphurous    acid,    on, 

314. 
beat,  on,  314. 
general   considerations    relative 

to,  313,  315. 
Jointing  of.  312,  313. 
observations  on,  312. 
porosity  of,  314. 
specific  gravity  of.  314. 
strength,  crushing,  of,  314,  863. 

transyerse,  of,   314. 
tests.  laboratory,  of,  313,  314. 

physical,  of,  814. 
texture  of,  311,  312. 
(See     quarry     T^ee    Bros,    and 
Oenesee  Quarry  Co.) 
Grafton. 

color  of,  320. 
Jointing  in,  320. 
texture  of.  320. 
uses  of,  828. 
Grimms    and    Brill  ion— characteris- 
tics of,  880. 


Umegtonc — Grimms   and  BiilUa 
of,   330. 
hacklej — alse  of  pores  of,  41 
Hamilton — dressed  snrfaoM 
pearance  of,  387. 
generwd     consideratlom  ; 

to,  337. 
JoUiUng  of,  837. 
obserrations  on,  337. 
relation  to   Niagara,  298 
texture  of,  337. 
nses  of.  337. 
Hortonvllle — observations  oi 

uses  of,  260. 
Hudson — characteristics  ot 
impurities  in,  453. 
interlocking  texture  of,  30. 
Janesvllle — characteristics  o 
jointing  In.   202. 
observations    on,   200.  2 
uses  of,  292. 
weatliering  of,    200. 
Jollet  referred  to,  387. 
Kaukauna — effect     of    heat 
buildings  of,  281. 
durability   of.    280. 
effect   of   freesing  and  t 
on,  281. 
heat.  281. 
Jointing  of,  281. 

observations   on,   281,  2€ 
»ap  In,  281. 

Kewaunee — observations     on. 
84a 

Knowles — composition.  chemi< 
332. 

mineraloglcal,   of,   3; 
dressed  surfaces  of.  apoe 

of.  331. 
durability  of.  333. 
effect  of  gas.  carbonic  ac 

332. 

gas,    sulpburous    acl 
332. 

heat  on,  332. 
Jointing  of,  331. 
observations  on,  331. 
porosity  of.  332. 
specific  gravity   of.   332. 
strength,  crushing,  of.  332 

transverse,  of.  332. 
tests,  laboratory,  of.  831, 

physical,  of,  332. 
texture  of,  331. 

(See  quarry — Baner  and  1 
Bros.) 

Lannon— characteristics      of 
810. 

compared    with    Waukesh; 
Waawatosa,  818. 
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Limestone   —   LanDon    —   composition, 

chemical,  of,  316. 
mlneralogical,  of,  816. 
dressed  surfaces,  316. 
durability  of,  317. 
effect  of  freezing  and  thawing 

of,  317. 
effect  of  gas,  carbonic  acid,  on, 
317. 
gas,    sulphurous    acid,    of, 

317. 
heat  on,  317. 
general   considerations    relative 

to,  317,   321,   322. 
Jointing  of,  319.  321. 
porosity  of,  317. 
specific  gravity  of,  317. 
strength,   crushing,   of,   317. 

transverse,  of,  317. 
tests,  laboratory,  of,  316,  317. 

physical,  of,  317. 
ases  of,  821,  322. 
(See  quarry  Williams  and  Lan- 
non— Lannon  Stone  Co.,  Har- 
non  &  Sons,  Keefer  &  Flan- 
nlgan,  Davis  Bros.,  Sheridan 
Bros.,      Walsh,      Menomonie 
Falls     Stone     Co.,      Vv  alien, 
Blair  &  Larson.) 
loss    of    crushing    strength    due  to 

freezing  and  thawing.  380. 
Lower    Helderberg — relation   to   Ni- 
agara, 298. 
Magnesian — along      Mississippi 
river,  condition  of  quarrying. 
250. 

areal   distribution   of,   256. 

257. 
description     of     Individual 

areas  of.   2.'>0. 
difference  In  beds  of,  257. 

from  Trenton,  271. 
flint  In.  258. 

JIackley.  character  of,  257. 
quarries   of — along   Missis- 
sippi river,  258,  259. 
quarrying — dIflDcultles     in, 
269. 
need    of  better    equip- 
ment In.  269. 
reason      for      undeveloped 

condition  of.   270. 
relation  to  Potsdam  sand- 
stone, 167,  168.  266. 
St.    Peters    sandstone. 
168,  256. 
resume  of,  269. 
vertical     section    of,    257, 
258. 
ICalden  Rock^-color  of,  268. 


Limestone — Maiden     Rock,     method    of 
quarrying,   263. 
strength  and  durability  of,  263. 
texture  of,  263. 
Marblehead — bedding  planes  in,  884. 
color  of,  334. 
composition,   chemical,  of,  885. 

mineraloglcal,    of,    835. 
dressing  of,  336. 
durability  of,  336. 
effect  of  freezing  and  thawing 
on,  336. 
gas,  carbonic  acid,  on,  386. 
gas,    sulphurous    acid,    on, 

336. 
heat  on.  336. 
general   considerations    relatlTO 

to,  33  G. 
Jointing  of,  333. 
observations  on,  333,  884. 
porosity  of,  335. 
specific  gravity  of,  885. 
strength,  crushing,  of,   886, 868. 
compared    with    Four- 
che      Mt.      granite, 
836,  836. 
compared     with    Mon- 
tello  granite,  886. 
transverse,   of,   886. 
tests,  laboratory,  of,  835. 

physical,   of,   335. 
texture  of.  333. 
uses  of.  333. 
vertical  section  of,  334. 
(See  quarry    Marblehead    Llmt 
and  Stono    Co..    Gleger,    and 
Nast  Bros.) 
Mayvllle — characteristics  of,  380. 

uses  of,  330. 
Marshland  and   Bluff  Siding — char- 
acteristics of.   266.   267. 
Medina—  charnoterlstics  of,  268. 
jointing  of.  208. 
uses  of,  208. 
Menasha — observations   on.   288. 
Menominee  Falls — chalk  pockets  ln« 
320. 
Jointing  in,  321. 
strength,  crushing,  of,  868. 
Mineral   Point — ^joIntlng  of.  298. 
minerals  In — presence  of  deleterlooi, 

256. 
Monarch  Stone  Co. — uses  of,  809. 
Neenah — Jointing  In.  284,  286. 

observstlons  on,  283.  284,  285. 
Niagara — areal  extent  of,  298. 

color    of — variations     In,    289, 

847. 
composition  of,  298,  847. 
daicrlptlon  of  areas  of,  290. 
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Limeetone  —  Niagara  —  hardnesa  of — 
Tariatlona  in,  298,  347. 
quarrlea      in  —  miacellaneona, 

346,  347. 
quarrying    industry  in — resnme 

of,  347,  348. 
quarry    on    Wisconsin    Central 

Ry.,  346. 
relation    to    Clinton    Iron  Ore, 
298. 

Hamilton,  298. 
Lower  Helderberg,  29b. 
subdiYisions  of,  298. 
supply  of,  for  building,  348. 
texture   of — variation    in,    298, 

347. 
uses  of,  298,  347. 
New  Ricbmond— cbaracteristica    of, 

267. 
occurrence  of  bitumen  in,  40. 
Onalaska  and    La  Crosse — color  of 
265. 
*  Jointing  of,  266. 

observations  on,  265. 
texture  of,  265. 
uses  of,  265. 
origin  of,  461,  462. 
Osceola — texture  of,  266. 

uses  of,  266. 
Osbkosb — buildings  constructed  out 
of,  286. 
cbaracteristlcs  of,   286. 
Jointing  in,  285. 
outside  of  Wisconsin — table  of  por- 
osity of,  413,  414. 
table  of  specific  gravity  of,  413, 

414. 
table  of  strength,  crushing,  of, 
410,  417. 
reebles — Jointing  of,  339. 
texture  of,  339. 
uses  of,  339. 
Pewaukee — color  of,  325. 
observations  on,  325. 
texture  of,  325. 
uses  of.  325.  326. 
Plattevllle — characteristics  of,   296, 
296. 
durability  of,  295. 
Jointing  In.  295,  296. 
observations  on,  295. 
uses  of.  295. 
pores  in.  size  of,  375. 
porosity    of,    maximum    and    mini- 
mum, 374. 
porosity  of — table  of,   401,  402. 
Port  Washington  —  characteristics 

of,  330. 
precipitate  on  surface  of,  caused  by 
gas,  sulphurous  acid,  384. 


Limeatone — pyrite  In,  453. 

quarries  of,  for   balldln^,   362. 
quicklime  manufactured  from,  256.. 
Racine — Jointing  in,  327. 
observations  on,   327. 
uses  of,  327.  328. 
River  Falls — characteristics  of,  296w 
Jointing  of,  296. 
uses  of,  296. 
Limestone — samples — shape      of,      after 
crushing.  364. 
Sheboygan — bedding  planes  in,  SS8. 
texture  of,  338. 
usee  of,  338. 
Sheboygan  Falls — color  of,  388. 

texture  of,  338. 
Southern     Trenton — ■Imllarlty      to 
limestone  of   SoutbwestefS 
area.  292. 
uses  of,  288. 
specific   gravity    of — table    of,    401« 

402. 
strength,  crushing,  863. 

loss  of,  due  to  freeslng  aad 
thawing,  compared  wltk 
granite  and  sandstone,  381« 
382. 

maximum,  363. 
table  of-— 892,  893. 
transverse,  maximum  and  mini* 
mum,  369. 
table  of— 896. 
Sturgeon  Bay — color  of,  840. 

composition,  mlneraloglcal,  842.. 
dressed     surfaces    of — appear> 

ance  of,  344. 
durability  of.  344. 
elfect  of  freezing  and  thawlnCr 
343. 

gas,  carbonic  acid,  on,  84Sr 

344. 
gas.    sulphurous    acid,    oa* 

344. 
heat  on,  343. 
elasticity,  modulus  of,  of,  870. 
general    considerations   relatiTe 

to.  344. 
Jointing  in.  340. 
markets  for,  344. 
porosity  of,  342,  343. 
quarrying  of.  344. 
specific  gravity  of,  342.  348. 
strength,  crushing,  of.  343,  368> 

transverse,  of.  843.  869. 
tefsts.  laboratory,  of.  342,  844. 

physical,  of,  342,  848. 
texture  of,  340. 
uses  of,  344. 
Templeton  —  buildings  constmctaC 
out  of,  325. 
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Limestone  —  Templeton  —  general  con- 
siderations relative  te,  324. 
Jointing  ot  324. 
text  are  of,    324,    325. 
uses  of,  325. 
tests  to  determine  effect  of  gas,  car- 
bonic acid,  on,  74. 

gas,    sulphurous    acid,    on, 
74. 
texture  of — variation  in,  255. 
Trempealeau — observations  on,  263. 

texture  of,  263. 
Trenton — areal  extent  of,  271. 
clay  lamins  in,  40. 
color  of,  83. 
decoloration  of,  13. 
differences  between  Lower  Mag- 

nesian  and,  271. 
for  building  purposes,   relative 

importance  of,  270. 
quarries  of,  resame  of,  297. 
relation  to  Galena,  83. 

Hudson  River  Shale,  270. 
St.  Peters    sandstone,  168, 
270. 
subdivisions  of,  270. 
thickness  of,  270. 
uses  of,  97.  271,  272,  297. 
weathering  of.  297. 
(see  Trenton  limestone.) 
uses  of,  10.  255. 

Watertown — observations  on,  296. 
Waukesha  —  buildings    constructed 
out  of,  311. 
color  of,  300. 
compared  with  Lannon,  316. 

Wauwatosa,  300. 
durability  of,  311. 
elasticity,  modulus  of,  370. 
general    considerations    relative 

to.  311. 
jointing  of,  309. 
strength,  crushing,  of,  811,  864. 
texture  of,  309. 
variability  of.  310. 
vertical  section  of,  309.  310. 
Wanpun — buildings  constructed  out 
of,  287.  288. 
Jointing  of.  288. 
observations      on,      286.      287. 
288. 
Wauwatosa — color  of.  301. 

compared  with  Lannon.  3x6. 
other  limestones,  806. 
Waukesha,  809. 
composition,    mineralogical,   of, 

805. 
dressed  surfaces  of,  appe|iranc« 

of,  806. 
durability  of,  807. 


Limestone — Wauwatosa,  effect  of 

ing  on,  306. 
gas,  carbonic  acid,  on,  306. 
gas,    sulphurous    add,    <m, 

306. 
heat  on,  306. 
on  buildings,  308. 
faulting  of,  30,  301. 
general    considerations  relatlT* 

to,  306,  308. 
Jointing  of.  300. 
observations  on,  300. 
porosity  of,  306. 
price  of,  307. 
sale  of,  306,  307. 
specific  gravity  of,  806. 
strength  and  durability  of,  307. 
strength,     crushing,     of,      b\f^ 
364. 

transverse,  of,  805. 
tests,  laboratory,  of,  805. 

physical,  of,  805. 
texture  of,  301. 
uses  of,  301,  308,  809. 
weight  per  cubic  foot  of,  376. 
table  of.  401,  402. 
Limestone — ^Wisconsin — strength,   email- 
ing,   compared    with    limestone,    dolo- 
mite, and  marble  from  other  parts  of 
the  United  State,  863. 
Llndahl,  John,  referred  to,  242. 
LIndauer — quarry   of    (see   Quarry). 

L..  referred  to,  280. 
Lintels — characteristics     of     stone     for, 

350. 
Lithographs — of    brownstones,    color  of» 
shown  by,  425. 
of    granite,    beauty    of,  shown    by» 
425. 
Livingston,  J.  W.,  referred  to,  19. 
Ijondon — effect  of  soft  coal  consumption 

and  fogs  on  limestone  of,  33. 
Lower  llelderberg — areal  extent  of,  86. 
Tjower  Magneslan — areal  extent  of,  82. 
characteristics  of,  82. 
limestone  of   (see  Limestone), 
suitability  of,  for  building  stone,  83. 
thickness  of,  82. 
Lower  Silurian    (see  Ordlvlclan). 
Lutx  Bros. — quarry  of  (see  Quarry). 
Luxor — obelisk  of.  16. 


Macadam — accessibility  of  crushed  rock 
for,  9. 

materials.  8.  9. 

for — objectionable    qualities  of; 
856. 
suitability  of.  for  road-making,  A. 
use  of  quartsite  for,  166. 
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ICace,  O.  A.,  referred  to,  820. 
Machine — testing— calibration    of,    table 
ot  889. 

01ien«  referred  to,  860. 
Riehle— calibration  of,  880. 
referred  to,  860. 
Madison — abrasion  of  steps    of  Capitol 
at,  26. 
sandstone  quarries  of,  247. 
(See  sandstone,  Madison.) 
Magnesian — Lower  (see    Lower    Magne- 

sian). 
Magnetite — alteration  products  of,  440. 
441. 
composition,  chemical,  440. 
occurrences  of,  440. 
physical  properties  of,  440. 
Maiden  Bock — limestone  quarry  of,  268. 
(See   limestone.    Maiden    BocIe   and 
quarry,  Lester.) 
Maine — reputation  of  granite  from,  6. 
Manigold — quarry  of  (see  Quarry). 

A.  F.  Jk  L.,  referred  to,  809. 
Marblehead — limestone  quarries  of,  888, 
886. 
(See  Limestone,  Marblehead.) 
Marble — expansion  due  to  heat  of,  18. 
Illegibility  of  lettering  on,  7. 
origin  of,  454. 

outside  of  Wisconsin — table  of  po- 
rosity of,  418,  414. 
table  of  specific  gravity  of.  418, 

414. 
table  of  strength,  crushing,  of, 
415.  416  . 
use  of.  for  monuments,  6,  426. 
Marblehead  Lime  and  Stone  Co.— quarry 

of  (see  Quarry). 
Marcasite — decomposition  of.  36. 
discoloration  due  to,  36. 
(SeePyrlte  and  Sulphide  of  Iron). 
Markets — for  sandstone,   181.  201,  208, 

223,  260. 
Marks.  Peter,  referred  to.  239. 
Marquart.  referred  to.  265. 
Marquette — Rhyollte  quarry  of,  119. 

(see  Rhyollte — Marquette.) 
Marshland    and    Bluff    Siding — quarries 

of,  266.  267. 
Masonry  —  ashler  —  characteristics      of 
stone  used  for,  350. 
kinds  of.  340. 
rubble — characteristics      of       stone 

used  for.  350. 
wall — Joints  In.  size  of,  349. 
Massachusetts — reputation     of      granite 

from.  6. 
Materials — for  road-making.  8. 
Mausoleums — stone  for,  6. 
Maustin  quarry   (see  Quarry). 


Mayriile — limestone  quaxries  of.  8S0. 

(see  Limestone — ^Mayriile). 
McCallum,  Archer,  quarry  of  (see  <)oa^ 

ry). 
referred  to,  101. 
McCormick,  John,  referred  to,  246. 
McCuen— <2narry  of   (see  Quarry). 

reCerred  to.  286. 
McDonald — quarry  of  (see  Quarry). 

Wm..  referred  to,  245,  267. 
McOraw — quarry  of  (see  Quarry). 
Means.  D.  B..  referred  to,  289. 
Medina — limestone  quarry  of,  268. 

(see  Limestone — Medina). 
Mediterranean       Basin — conditions     of 

monuments  and  buildings  of,  16. 
Menasha  quarry  (see  Quarry). 
Menominee  Falls  Quarry  Co. — quarry  of 

(see  Quarry). 
Merkle    Granite    Co. — quarry    of    (set 

Quarry). 
Merrill — quarry  of  (see  quarry). 

A.  D.,  referred  to,  160. 
Merrill,  (^eo.  P..  quoted,  19.  383. 

referred  to.  289.  373. 
Merrill,  X.,  referred  to.  170. 
Metamorphlc  rocks  (see  Rocks). 
Metamorphlsm    of    Huron  Ian    rocks.   Tt, 
80. 
Wisconsin    rocks,    since    deposltioi, 
85. 
Mica — alteration  products  of.  486. 
composition,  chemical,  of.  436. 
durability  of.  36.  436. 
occurrences  of.  437. 
physical  properties  of.  486. 
yarleties  of.  436. 
Microscopic     tests       (see      Compositioa 

miners  logical). 
Miller  Bros.  &  Johnson — (see  Quarry — 
Port  Wing  Quarry   Co.). 
referred  to.  201. 
Mlltemore.  J.  C,  referred  to.  290. 

(see  Quarry,  Eureka). 
Milwaukee    Falls    Lime    Co. — quarry   of 
(see  Quarry). 
Monument     Co.— quarry      of      (see 
Quarry). 
Mineral  matter — In  water,  30.  82.  88. 
Mineral   Point — quarries   of    (see   Quar- 
ries), 
referred  to.  253. 
Mlneraloglcal  composition   (see  ComposI 

tlon). 
Minerals — abundance  of.  432. 

eccessory— occurring    in    limestone 

273,  274. 
cleavage  of.  433. 
crystallisation  of.  432,  433. 
differential  weathering  of.   42. 
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Minerals  — ferro  magnesian  —  effect  on 
specific  grayity  of  stone,   872. 
hardness  of,  433. 

affecting    hardness    of    stone, 
43. 
how    distinguished     from    one    an- 
other, 432,  433. 
Important  groups  of,  433,  434. 
in    limestone — presence   of   deleteri- 
ous, 256. 
occurring  in  cavities,  41. 
Minerals — physical   properties  of.  433. 
rate  of  expansion  of,  18. 
slllcious — effect   on   specific   gravity 

of  stone,  372. 
size  of — affecting  hardness  of  stone, 

43. 
state    of    aggregation    of.    affecting 

hardness  of  stone,  43. 
strealc  of,  433. 

unequal  rate  of  expansion  of,  19. 
Mitchell,  Fred,  referred  to,  269 
Modulna  of  elasticity  (see  Elasticity), 
of    rupture     (see    Strength,    trans- 
verse). 
Moisture — rate  of  decomposition  of  iron 

sulphide  affected  by,  33. 
Monarch     Stone     Co. — quarry     of     (see 

Quarry). 
Monolith — from      quarry      of     Prentice 

Brownstone  Co..  192. 
Monoliths — climate     of      Kgypt,      effect 

on.  16. 
Monslcey,  Frank,  referred  to,  245. 
Montana— effect  of  temperature  changes 

on  stone  of,  19. 
Montello — granite  quarries  of,  90. 

(aee  Granite.  Montello,  and  quarry, 
Montello  Granite  Co.  and  Merlcle 
Granite  Co.). 
Monument  —  Washington  —  referred   to, 
862. 
bases — quarries     of    stone    suitable 
for,  357. 
Monumental     stone    (see    Stone,    monu- 
mental). 
Monaments — cause.««  of  disintegration  of, 
58. 
demand  for  stone  for.  6.  7. 
durability    inferred     from     observa- 
tions on.  53. 
of,  necessity  for.  426. 
granite,  age  of — in  Wisconsin,  58. 
of   Mediterranean    Basin— condition 

of,  16. 
of  Rome — condition  of.  16. 
quarries  of  stone  stil table  for,  354. 
Scandinavian  granite  used  for,  7. 
flcotdb  trranite  used  for,  7. 


Monuments — stone    from  foreign    conn- 
tries  used  for,  7. 
use  of  granite  for,  6,  426. 
marble  for,  6,  426. 
rhyolite  for,  6,  105. 
stone  for,  6. 
value  of  stone,  estimated  by  exami- 
nation of,  46. 
observations  on,  50. 
Wisconsin — effect  of  driven  sand  on, 
26. 
Moore — quarry  of  (see  Quarry). 
Mortar — Impurities   In.   c:\u8e   of  discol- 
oration of  stone,  12. 
Mounting   blocks — demand   and    use   for 
stone  for,  10. 


Nantucket — effect  of  driven  aand  at,  26. 
Nast  Bros. — quarry  of  (see  Quarry). 
Necedah — quartzite  of,  164. 
Neenah  quarry  (see  Quarry). 
Nelllsvllle — sandstone  quarries  of.  239. 

(see  Sandstone — Nelllsville.) 
Nelson,  E.  J. — quarry  of  (see  Quarry). 

referred  to,  265. 
New  Hill  OFair  quarry  (see  Quarry). 
New  London — quarries  of,  244,  245. 

(see  Sandstone — New  London). 
New    Richmond — limestone   quarries   of, 
267. 

(see  Limestone — New  Richmond). 
Niagara — characteristics  of  limestone  of, 
84,  8.">. 

conditions  of  deposition  of,  84. 

occurrence  of  fossils  in,  84. 

thickness  of,  84. 

(see  Limestone — Niagara). 
Neimeyer.  Wm.,  referred  to,  265. 
Noble — quarry  of  (see  Quarry). 
North  America — first  conception  of  con- 
tinent of.  77. 
Norton.  Thos.  P..  quarry  of  (tee  Quarry, 
Bridgeport). 

referred  to.  201. 


Oakes,  Levi,  referred  to,  267. 
Obelisk — disintegration  of,  17. 

method  of  preservation  of,  17. 

of  Central  Park.  N.  Y..  17. 

(see  MonoIIth>. 
Observations — on  brldcre  abutments,  54. 

on     buildings — durability     inferred 
from.  51. 
value  of,  51. 

on  curbing.  54. 

on  monuments — value  of.  50,  58. 

on  road  material,  58.  54. 
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OlwerTmtlons— on  sidewalks,  54. 
Oenning  &  Giesen — qaarry  of  <8ee  Quar- 

ry). 
referred  to,  264. 
OllTlne — alteration  products  of,  48V. 
composition,  chemical,  of,  439. 
occurrences  of,  439. 
physical  properties  of,  439. 
Olson  k  Masrnusun   (see  qaarry  of  New 

Hill  O'Fair  Granite  Co.). 
Onalaska     and     La     Crosse — limeatone 
quarries  of,  265. 
(see   Limestone — Onalaska  and   Ia 
Crosse). 
Openings  along  bedding  planes,  20,  23. 
Jointing  planes,  20. 
in  rocks — classification  of,  20,  23. 
OrdiTician — Lower    Magnesian,    a    part 

of,  81. 
Organic  acids — effect  on  stone,  34. 
Organisms — growing — effect    of    ,oii    €!• 

posed  rock,  27. 
Origin    of    bedding    in    rocks — MdimeB- 
tary,  57. 
conglomorate,  448,  449. 
diabase.  447. 
gneiss,  455. 
granite.  443,  444. 
Joints.  457. 
limestone,  451,  452. 
marble,  454. 
quartzlte,  455. 
rhyolite,  445. 
rocks,  metamorphic,  454. 

sedimentary,  447,  448. 
sandstonp.   449. 
sbale.  451. 
Ormsby  Lime  Co. — quarry  of  (see  Quar- 
ry), 
Orthoclase — alteration  products  of,  435. 
436. 
composition,  chemical,  of.  436. 
occurrence  of.  43r>. 
physical  properties  of.  435. 
Ortscheld,  John,  referred  to,  296. 
Osceola — limestone  quarries  of,  266. 

(see  Limestone— Osceola). 
Oshkosh — quarries  of.  285.  286. 
(See  Limestone — Osbkosh.) 
Osterman,  quarry  of  (see  Quarry). 
Mrs.  Henry,  referred  to,  243. 


Pammel.  referred  to.  265. 

Parapets— characteristics  of  stone  used 

for.  350. 
Partlnt?     planes  —  distinguished     from 

pores.  376. 
Paul.  Aug.,  referred  to,  245. 


Paunack — qoarrj  of  (see  Quarry). 

Edw.,  referred  to,  247. 
PaTlng  blocks — uae  of   gr^mte  for,  97,. 
114. 
use  of  quarts!  te  for,  16IS. 
Peebles — lin^estone  quarrloa  of,  3S8»  SS9.. 

(see  Limestone — Peebles). 
Peeblea— effect  of  weattaerlns  of,  42. 
in  sandstone — Che^iuamecoii,  174. 
South  Shore,   196. 
PennsylTania — brownstonea   of,    referred^ 

to,  22. 
Permanence— of  bQildinss.  5. 
Peters,  Groth  and,  referred  to,  265. 
Pewaukee — limestone    quarriee    of,    825,. 
326. 
(See  Limestone — Pewaukee.) 
Physical  tests  isee  Tests). 
Pierce,  Geo.,  qaarry  of  (see  Quarry). 

referred  to,  265. 
Piers— quarries  operated  for   stone  for, 
10.  355. 
characteristics  of  stone  used  for,  10. 
Pike  RiTer  Granite  Co. — ^anite  of  (see 
Granite:  also  Qaarry  of  Pike  RlTer 
Granite  Co.). 

gray  granite   4 see  Granite,  Pike 
River  Granite  Co.). 
quarry  of  isee  Quarry*. 
R.  D..  referred  to,  193. 
Pillars — quarries  of  stone  for,  354. 
Pittsburg  Court  House — referred  to,  428. 
Place — tjuarry  of  (see  Quarry). 

Wni..  referred  to,  294. 
Plagiociase — composition,     chemical,    of' 
435. 
(See  Feldspar.) 
Plattevllle  quarry  (see  Quarry). 
Pleistocene  boulders   (see  Boalders,  gla- 

cial>. 
Portland — sandstone  quarry  of.  24^ 
Port  Washington — quarry  of,  330. 

(See  Limestone — Port Waahlnston.) 
Position — disintegration  affected  by,  46. 
Poeechl,  John,  referred  to,  245. 
Polishing — Berlin  rhyollte-^dlfficulty  Ib«. 
102. 
effect  of,  on  color,  16. 
life  of  stone.  30. 
hardness  estimated  from,  49.  50. 
Pores — amount    of   cement     conditioned* 
by.  40. 
capillary — slEe  of,  21, 
retention  of  water  in,  375. 
distinguished    from   openings   alone* 
bedding  or  fissile  planca,  24,  26, 
376. 
In  rocks,  referred  to.  20,  21. 
sise  of,  necessary  to  determine  dnr»> 
billty,  68. 
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Pores — size    of,    affecting    danger    from 
freezing.  21.  22.  25,  375. 
size    of — effect    of,    on    durability, 
373,  382,  383. 
in  different  roclcs.  41. 
in  granite.  374,  375. 
In  hackley  limestone,  41. 
in  limestone,  375. 
In  sandstone.  375. 
subcapillary — occurrence       of.        In 
sandstone,  375. 
size  of,  21. 
Porosity  and   ratio  of  absorption — com- 
parative   importance   of, 
373,  374. 
difference       between,       68, 
372. 
effect  of  freezing  and  thawing  not 
dependent  upon.  373,  382. 
upon  durability.  373. 
errors  in  ordinary  metbod  of  obtain- 
ing, 69. 
meaning  of.  68.  372. 
method  employed  by  author  in  ob- 
taining, 60. 
misinterpretation    of    durability    of 

stone  from,  6S. 
of  granite,   06.    113.   125,   136,   145, 
146.  148.  1.18. 
average.  374. 

ontslde  of  WiBconsln.  418. 
tables  of.  400.  401.  413. 
of    limestone.    260.    275,    305,    314. 
317.  326,  332.  335.  342.  343. 
maximum  and  minimum,  374. 
table  of.  401.  402. 
of  marble,  dolomite  and  limestone, 
outside    of    Wisconsin,    table    of, 
418,  414. 
of  rhyolite,  104,  118. 

table  of.  400.  401. 
of   sandstone.    176,    170,    225,    237, 
238,  241.  252. 
maximum,  minimum,  and  aver- 
age. 374. 
outside  of  Wisconsin — table  of, 

414. 
table  of.  402.  403. 
ordinary     method    of    determining, 

68,  69. 
relation  of.  to  Interlocking  charac- 
ter of  grains.  41. 
to  ratio  of  absorption,  378. 
to  size  of  grains,  41. 
Porphyry  (see  Rhyolite). 
Portland— qoarry  of  (see  Quarry). 

qnartEite  of,  164. 
Port  Wing — quarry  of  (see  Quarry). 
Pottdam      sandstone — accessibility      of, 
222.  22S. 


Potsdam    Sandstone — occurrence    of,    in 
Wisconsin,  81. 
sediments  of,  character  of,  81. 
surticial   extent  of,   in   Wiscon- 

sin,  81. 
(see  Sandstone.  Southern  Pots- 
dam,   and    Sandstone,    Lake 
superior). 
Powers,  Wm.,  referred  to,  262. 

quarry  of  (see  Quarry,  Maustin). 
Prairie  lUver — granite  of,  159. 

(See  Granite.) 
Pratt — quarry  of   (see  Quarry). 

referred  to,  200. 
Pre-Cambrlan  —  relation     to     Potsdam 

sandstone,  167. 
Prentice  Brownstone  Co. — quarry  of  (see 
Quarry). 
Geo.  M.,  referred  to,  316. 
Presque  Isle — quarry  of  Ashland  Brown- 
stone  Co.,  location  of,  183. 
Pressure — long   continued — effect   of,  on 
strength,  crushing.   59,   S67. 
superincumbent— effect  of,  on  exfoli- 
ation, 31,  82. 
Price  of  sandstone — Lake  Superior,  214. 
stone — dependent  upon  quality,  425. 
effQct   of   cost   of   dressing  on, 
422,  423. 
transportation  on, 

423. 
ease  of  quarrying  on,  422. 
facilities  for  quarrying  on, 

422,  424. 
wnpes  on,  422. 
Properties — phyplcal — of   minerals,   434, 
435.  4Mk  437.  438,  439,  440,  441. 
Purdue  Unlverplty.  referred  to,  360. 
Pyramids — resulting  from  cmshlnggran- 

Ite.  362,  363. 
llmeBtone,  364. 
sandstone.  365,  366. 
Pyrlte — altera  t  Ion  product*  of,  441. 
composition,   chemical,  of,  441. 
effect  of  decomposition  of,  on  lime- 
stone. 40. 
In  limestone.  280.  453. 
occurrences  of.  441. 
in  sedimentary  rocks.  40. 
physical  properties  of.  441. 
Pyroxene — alteration  products  of.  488. 
composition,  chemical,  of,  488. 
durability  of.  36,  438. 
occurrences  of,  438. 
physical  properties  of,  438. 
species  of,  438. 

Quarries    of — Ablemans — description   oC 
Individual,  233.  235. 
names  of,  231,  236. 
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Qsarrlei — ot  Amberf — locmtlon  of,  142,    Quarr 

d««rlptl0D  of  [ndlTldiul.  14»- 

Oranlte  Co. — getu 

Una  rvlatln  to,  1S6. 
loeatloD  at  IDL 
of  Arcmdia.  28T. 
of  Baraboo — Jointing  of,  28S. 
location  of,  23S,  234. 
■andatouc  of — color  of,  3SS. 
textan  of.  33.1.  236. 
■tripping  o(.   236. 
of  Bajllcld.    169. 
of  Belolt — ownera  of.  28ft. 
of  Bridgeport — deacrlptlon  of  Indl- 

Tldoal,  261. 
of  CbequamegOD— dearrlptlon  of  la- 
dlTtdoal.  ITS-IOS. 
JolDtlng   In.    ITL 
oboerratlon*  oa,  170-174. 
atripping  of,  171. 
w«Btberlag    of    aanditOBt    «!, 

ni. 

of  Dale,  2«8. 

of  Dock  Creek— dewTlptlon  of  inA- 
Tldaal.  2TT-2TB. 
blitorr  of  development  of.  27S. 
of    DuniiTlllF— dmcrlptloQ    of    Indl- 
Tldaal.  S3T, 
location   of.    223. 
poaelbLlltIn  of.  230. 
of  Duraod — location  of,  246. 
of    Elaatem — deTelopmeiit    of — com- 

pajr«d  with  WlKODllD.  427. 
of  PoDDtaEn  City,  264. 
of  Qen«ef.  311. 

deaerlptlon  of  Indlvldnal.  812. 
o(  OrattoTi.  328. 

of  Qrand  Rapid*  and  Cent ralla— de- 
aerlptlon   of    IndlTldnal, 
242-244. 
e<)ulpment  of,  241. 
hlatoiT  of  derelopmcDt  of. 
341. 
of    granite — fad II ties    for    vortlng, 
00. 
for  balldlDg.  3B1. 
of  Qrlmma  and  Brill  Ion,  330. 
of  HamlltOD.  337. 
of  HortonvlUe,  260. 
of  JannTlll*.  200. 
of  Kankaona.  280-282. 
of  Knowlea.  330. 
of  Lannon,  316. 

deaerlptlon   of   IndlTldual,   318. 
equipment.  S22. 
Ilmeaton* — for  building,  SS2. 
of  Lower  Uagnealan,  2B9. 
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Qaarrles — of  Wauwatosa,  800. 

descriptiun   of   indlYidua],   308, 

309. 
limestone  of — color  of,  301, 
faulting  in,  300,  301. 
texture  of,  301. 
uses  of,  301. 
observations  on,   300. 
of  Wisconsin — deyelopment  of,  com- 
pared with  eastern  quarries, 
427. 
granite — possibilities  of,  89. 
bow  to  aid,  427. 
Quarrying — ease   of,    effect   on    price   of 
stone.  422. 
equipment    of,    effect    on    price    of 

stone,  424. 
facilities    for,    effect    on    price    of 

stone,  422. 
Improper  methods  of,  disintegration 

due  to.  29. 
industry — development  of.  effect  of 
artificial  production  on.  428. 
importance  of,  to  public.  427. 
unnatural   competition  in.  427. 
joints,  advantage  of.  In,  29.  458. 
limestone — Lower    Mngnesian — diffi- 
culties in.  269. 
method  of.  269,  344. 
sandstone — method     of,     178,     234, 
251. 

Lake     Superior — present     inac- 
tivity In^-causes  of.  211. 
resume  of,  210-216. 
suggestions  for.  216. 
Mineral  Point — method  of,  253. 
Southern   Potsdam — method  of, 
240. 
Quarry — development  of,  effect  of  acces- 
sibility of  stone  on.  424. 
exhausted  of  good  stone.  50. 
granite — first   In  Wisconsin.  88,  89. 
observations  on  Joints  of.  47. 

to    determine    depth  of  disinte- 
gration.  47. 
to  determine  durability.  47. 

rapidity  of  weathering,  47. 
nnlformlty  of  colors,  46. 
value  of  stone.  46. 
of  Aberdeen — location  of.  152. 
Jointing  of.  152. 
observations  on.  151.  l.'>2. 
of  Aldrlch  (see  Quarry.  Voree). 
of  Amberg  Granite  Co. — location  of, 
142.  143. 
(see  Qoarry,  Argyle.  Aberdeen, 
Athelstane). 
of  Anschents  Co. — ^jointing  In.  329. 
limestone  of— «o1or  of,  329. 
texture  of,  329. 


Quarry    of  Auscheutz  Co. — location    of; 
329. 
of   Arcadian   Brownstone  Co. — ^gen- 
eral   considerations    relatlTtt 
to.  209. 
history  of  development  of,  208. 
location  of,  208. 
observations  on,  208,  209. 
sandstone  of — color  of,  209. 
statistical  data  of,  209. 
of  Argyle — granite  of — kind  of,  143. 
location  of,  151. 
observations  on,   151. 
of  Ashland  Brownstone  Co. — gener- 
al considerations  relatlTe  to, 
184. 
history  of  development  of,  188. 
Jointing  in.    184. 
location  of,  183. 
observations  on,  183,  184. 
statistical  data  of,  185. 
tests  of  sandstone  of,  184. 
of  Athelstane — buildings    constroct- 
ed  out  of  granite  of,  155. 
dimension    of    blocks    qnarried 

from.  153,  154. 
equipment  of,  154. 
Jointing  in.  153. 
location  of,  153. 
observations  on,  147. 
statistical  data  of,  155,  156. 
stripping  at,  153. 
tests  of  granite  of,  148,  149. 
of  Balliet— Jointing  in,  268. 

limestone  of — texture  of,  268. 
location  of.  268. 
of  Barron — location  of,  291. 
observations  on,  291. 
statistical  data  of.  291. 
of    Bass    Island    Brownstone    Co. — 
date  of  opening  of,  170. 
history  of.  178-180. 
observations  on.  180.  181. 
sandstone  of — markets  for,  181. 
tests  of.  181. 
uses  of,   181. 
statistical  data  of,  182. 
stripping  of,  181. 
of    Bauer — limestone    of — ^tcsts    of, 
332.  ,333. 
texture  of,  831. 
location  of.  330,  331. 
observations  on,  831. 
of  Bender — Jointing  In,  248. 
location  of.  242. 
observations  on,  242,  248. 
sandstone     of — ^buildings     con- 
structed out  of,  248. 
tests  of.  241,  242. 
statistical  data  of,  248. 
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Quarrj — of  Berglund— location  of,  294. 
of   Berlin   Granite   Co.^HleacrlpUon 
of.  107. 
dikes  In,  108. 

history  of  derelopment  of,  107. 
jointing  In.   108. 
location  of.  107. 
sap  In.  107. 

statistical  data  of.  115.  116. 
tests  of  granite  of  (see  Granite, 
Waushara), 
of     Black — limestone     of — obaenra- 
tlons  on,  281.  282. 
location  of.  281.       r 
Blalr  ft  Larson  (see  quarry  Lannon 

Stone  Co.). 
of  Breckinridge — history  of  develop* 
ment  of,  182. 
obserratlons  on.  182.  188. 
of  Bridgeport — dcTelopment  of.  261. 
limestone     of — buildings     con- 
structed out  of.  261. 
obsenratlons  on,  261. 
tests  of,  260. 
uses  of.  261. 
location  of.  261. 
stripping  of.  261. 
of  Calmcross — obserratlons  on,  825. 
of  Caldwell  ft  Nelson^-obaerratloiis 

on,  825. 
of  CassYllIe — limestone  of— charac- 
teristics of,  296. 
location  of,  296. 
of  Celleyham — location  of,  229. 
obserratlona  on,  229,  280. 
of  Cochran — location  of,  880. 

obserrations  on.  830. 
of  Cone — location  of,  294. 
obserrations  on.  294. 
of  Collier — location  of.  244. 

obserrations  on.  244. 
of  Connor — location  of.  239. 

obserrations  on,  240. 
of  C.  ft  N.  W.  Ry.  Co. — Ablemans — 
strength,     crushing,     of 
sandstone.  365. 
cutting    and    dressing    of 

sandstone  of.  233. 
obserrations  on,   233.  234. 
uses  of.  234. 

Duck      Creek — limestone     of — 
uses  of,  277. 
obserrations  on.  277. 
statistical  data  of.  277. 
vertical  section  of,  274. 
Peebles — location  of.  388.  839. 
vertical  section  of.  389. 
of   L.    S.    Cohn   Granite  Co.^-dike8 
In.  139. 
equipment  of.  140. 


Quarry — of    L.   S.    Cohn    Granite  Co.— 
hUtorj  of.    132,  138. 
jointing  in.   138,   139. 
location  of.   138. 
observations   on.  138,   189. 
stripping  of,   138. 
tests  of  ^antte  of.  136,  137. 
of  Cook  ft   Brown    Ume  Co. — loca- 
tion of,  330. 

of    Cooperstown— obeerratlooa    on, 

846.  347. 
of  Costello — location  of.  337. 

observations  on,  337. 
of  Cranberry  River — history  of  de- 
velopment of,  209,  210. 
location  of.  209. 
present  condition  of,  210. 
of  Cray— observation  on,  245. 
statistical   data   of,    245. 
of   Darlington    Stone    Co. — faultlag 
in.  250. 
folding  in.  250. 
location  of.  250. 
observation  on.  259. 
of  Davis  Bros. — ^jolntln^  In,  321. 
location  of.  316. 
observations  on,  230. 
vertical  section  of,  320,  321. 
of  Drlcker  Co. — ^location  of,  330. 

observations  on,  330. 
of  Duck  Creek  Co. — development  ot 
277. 
general  conditions,  279,  280. 
limestone     of — buildings     con- 
structed out  of.  277. 
characteristics  of,  274. 
location  of.  274. 
observations  on,  277. 
statistical  data  of.  278. 
of  Duluth  Brownstone  Co. — general 
considerations      relative     tOw 
200.  201. 
history  of  development  of,  199. 
jointing  In.  200. 
location  of.  199. 
observations  on.  199.  200. 
sandstone     of — buildings     con- 
structed out  of,  201. 
color  of,  2(X). 
markets  for.  201. 
texture  of,  200. 
statistical  data  of.  201. 
tests  of.  197,  198,  201. 
of     Dunnvllle — general      conslderm- 
tlons.  226. 
jointing  In.  224. 
location  of.  227. 
observations  on,  227. 
sUtistical  data  of.  228. 
tests  of  sandstone  of.  225,  220. 
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•Quarry — of  Eareka — location  of,  290. 
obserTations  on,  290. 
statistical  data  of,  290. 
weathering  of,  290. 
of   Excelsior   Brownstone   Co. — gen- 
eral   considerations    relative 
to,  186,  187. 
history  of  development  of,  185. 
jointing  in.  186. 
location  of,  185. 
obsenrations  on,  186. 
stripping  of,  186. 
statistical  data  of,  187. 
of  Fawcett — Jointing  in,  294. 
location  of,  294. 
observations  on,  294. 
vertical  section  of,  294. 
of  Felker — Jointing  in,  285. 
location  of,  284. 
observations  on.  284.  285. 
of    Flag    River — general    considera- 
tions relative  to.  205. 
history  of  development  of.  204. 
jointing  In,  204. 
location  of,  204. 
observations  on.  204. 
stripping  of,  205. 
tests  of  sandstone  of,  205. 
of  Forrestall — Jointing  of  limestone 
of,  324. 
observations  on,  324. 
of    French    Granite    Co. — color    of 
granite  of,  156. 
general    considerations    relative 

to,  157. 
jointing  in,   ir>0. 
location  of.  156. 
observntionH  on,  l.")6. 
tests  of  granite  of.  157. 
of  Gall— jointing  in.  235. 
location  of.  234. 
sandstone  of — color  of,  234. 
uses  of,  235. 
of  Geiger — location  of,  233. 
of     Genesee     Quarry    Co. — Jointing 
In.  312. 
location  of.  311. 
observations  on.  312. 
vertical  section  of.  312. 
of    Glllen    Stone    Co. — development 
of.  278. 
limestone     of — buildings      con- 
structed out  of,  278. 
tests  of.  364. 
uses  of,  278. 
location  of.  274. 
obserratlons  on,  278. 
statistical  data  of,  278,  279. 
of    Gower — limestone    of — uses   of, 
292. 


Quarry— of   Gower — location   of,   292. 
of  Grand  Chute — Jointing  In,  282. 

location  of,  282. 

observations   on,   282. 
of  Granite  Heights  Co.,  132,  133. 

general   considerations  of,   142. 

granite  of — color  of,  141. 

location  of,   140. 

observations  on.  140,  141. 

tests  of  granite  of,  136,  137. 
of  Green  Lalce  Granite  Co. — ^jointing 
in.  116. 

iorutiun  of,   116. 

observations  on.  116. 

statistical  data  of.  110. 

tests  of  rhyolite  of,  118. 
of  Groih— observations  on,  328. 
of  Groth  &  Peters,  133. 
of  Grover — Ucation  of.  237. 

observations  on,  237. 

tests  of  sandstone  of.  237-238. 
of  Hadfleld  &  Co. — location  of.  309. 
of    llagen — limestone     of — jointing 
of,  340. 

location  of,  340. 

observations  on,  342. 
of  Hamilton  Lime  and  Stone  Co. — 
general      considerations      of, 
337. 

.Jointing  of.  337. 

location  of.  337. 
of  Happe  Bros. — jointing  In,  331. 

location  of,  330.  331. 

observations  on,  331. 

stripping  of,  331. 
of    Harmon    &     Sons — jointing    In. 
321. 

location  of.  316. 

observations  on.  320. 
of  Hartley  Bros. — history  of  devel- 
opment of.  189. 

location  of.   1.S9. 

observations  on.  180.  190. 
of  Helker — Jointing  In.  295. 

limestone  of — uses  of,  295. 

location  of,  295. 

observations  on,  295. 

vertical  section  of,  295. 
of  Herman — location  of.   247. 

ob8<»rvatlons  on,  247.  248. 
of   Hummel    &    Elliott — jointing   In, 
324. 

location  of.  323. 
of  Illinois  Iron  &  Steel  Co..  165. 
of  Iron  River  Red  Sandstone  Co. — 
general     considerations    rela- 
tlve  to.  207.  208. 

history  of  development  of,  205. 

location  of.  205. 

observations  on.  206.  207. 
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<tmm — of   Ii«it   Bl*er   B«d 

Co.— ■utlicli^  daU  of,  208. 
■trlpplni  of,  aw.  SOT. 
of  Iilud  Clt7— loe&tlon  ot 

obwmtloiu  on,  283. 
of      - 


location  ol,  158. 
of  SurneT^ointlns  In,  824. 

vertical  wctlon  of,  824. 
ot  Klefer  A  Flannagms — location  a 


818. 
obser 


I.   320. 


or  Kohlbagtn — location  of.  838. 
Of  Lang — rgnlpmcDt  of,  229. 
location  of,  238, 
■tripping  of.  238. 
of  Laniioi)   Btone  Co. — Jolntlii(  In, 
316. 
location  of,  318. 
observations  on,  818. 
■tatlstkal  dau  of,  838. 
Tertlcal  section  of,  818. 
of  Last  *  Sons — limestone  i 
acterlatles  of,  38S. 
location  of.  28G. 
ot  Laurie  Stone  Co. — limestone  o(- 
Jolntlng  of.  340. 


r,  340. 
i1  data  of.  846. 


363,  369. 
vertical  section  ot.  341.  342. 
of  Lee — llmeatone  of — bnlldloga  con- 
structed out  of,  288. 
obserTBtloDB  on,  2ST. 
location  ot.  287, 
of    Lee     BroB.^seneral     eonaldera. 
tlons  relative  to.  315. 
jointing  in,  313. 
observBtlons  on.  313 
limestone     ot — buildings     con- 
structed out  of.  316. 
location  of.  313. 
observations  on.  313. 
alatlstlcal  data  ol,  S16. 
tMlB  of,  313.  314. 
(see  Limestone — Genesee.) 
ot  Lester— location  ot,  32,  239. 
observations  on,  229. 
stripping  of,  229,  383. 
ot  Leathold — general  considerations 
relative  to.  129.  138. 
JolDtlDg  In.  123. 
of   Leatbold — granite   ot — tests   of. 
124-125. 
location  of,  123. 
observations  an.  122,  123. 
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Qoarry— of  Merkle    Granite    Co. — loca- 
tion of,  99. 
jointing  in,  100. 
stripping  at,  100. 
of  Merrill— Jointing  in,  289. 
location  of,  289. 
observations  on,  289. 
of   Mllwaulcee   Fails   Lime   Co. — ob- 
servations on,  329. 
operation  of,  economy  in,  329. 
of    Milwauicee    Monument  Co. —  de- 
scription of,  109. 
Jointing  in,^109. 
location  of,  107.  108. 
observations  on,   108,   109. 
statistical  data  of,  110. 
tests  of  granite  of  (see  Granite, 

Waushara), 
texture  of  granite  of,  109. 
veins  in,  109. 
of  Montello  Granite  Co. — dikes  in — 
occurrence  of,  92. 
granite  of — color  of  weathered 
surfaces  of,  92,  93. 
Jointing  of.   92.   93. 
hindrances   to   development   of, 

93,  94. 
history  of  development  of,  91. 
Jointing  in,  92. 
observations  on,  91,  92. 
openings  of,   89. 
statistical  data  of,  99. 
strlppings  of.  92.  93. 
tests  of  granite  of,  94,  95,  96, 

97. 
(see  Granite  of  Montello.) 
of  Monarch  Stone  Co. — limestone  of, 
309. 
observations  on.  309. 
of  Moore — location  of.  339. 

observations  on.  339.  340. 
of  Nast  Bros. — location  of,  333. 

observations   on.    333. 
of   Neenah — limestone    of — observa- 
tions on,  284. 
location  of.  283. 
statistical  data  of.  284. 
of  Nelson.    K.    J,,    (iranlte   Co. — de- 
scription of.  101. 
Jointing  In.  101. 
texture  of  rhyollte  from,  102. 
statistical   data  of.   106. 
uses  of  rhyollte  from,  106. 
stripping  at.   101. 
tests  of  rhyollte  of,  103,  104. 
veins  in,  102. 
(see  Rhyollte,  Berlin.) 
of  New    Hill    O'Falr — granite   of — 
color  on,  140. 
history  of,  188. 
84 


Quarry— of    New  Hill    OFali^-locaUon 
of,  140. 
observations  on,  140. 
tests  of  granite  of,  186,  137. 
of  Noble — jointing  in,  120. 
location  of,  119. 
observations  on,    120. 
of  Oakes — limestone    of — character- 
istics of,  267. 
of    Oenning  &  Giesen — location    of 
264. 
observations  on,  264. 
statistical  data  of,  265. 
stripping  of,   264. 
of  Ormsby    Lime    Co. — location    of, 

330. 
of     Ortscled — (see     Quarry,      Cass- 

ville). 
of  Ostermau — jointing  In,  243, 
location  of,  243. 
observations  on,  243,  244. 
sandstone    of,     buildings     con- 
structed out  of,  244. 
statistical  data  of,  244. 
of  Paunack — location  of,  247. 
of     Pierce — limestone     of — ^Jointing 
of,  265. 
location  of,  265. 
of  Pike — development  of,  198. 
equipment  of,  195. 
location  of,  193. 
sandstone  of — tests  of,  195. 
of  Pike  Ulver  Granite  Co. — ^jointing 
in,  149,  150. 
kinds  of  granite  of,  148. 
location  of.  143,  140. 
observations  on,  145,  146,   149, 

mo. 

output  of.  150. 
statistical  data  of,  151. 
tests  of  grnnlte  of.  144,  146. 
weathering  of  granite  of,   148, 

146. 
(see    Granite — Pike    River   and 
Amberj:  Red.) 
of  Place — Jointing  in.  296. 

limestone  of  —  character latlct 

of.  295.  206. 
location  of.  295. 
of  Portland  quartzlte — operated  by 
Berlln-Montello  Granite  Co.,  165, 
166. 
of  Port  Wing  Quarry  Co. — general 
considerations     relative     to, 
history  of.  201,  202. 
jointing  in.  202. 
location  of.  201. 
observations  on.   202. 
percentage    of  No.  1    stone  In, 
202. 
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Qoftn 

undatone  ot— color  of.  203, 

303. 

m»rielB  for,  203, 

teits  of,   203. 

■tatlatlcal  data  ot  203.  304. 

(■««  8»nd.tont,  Port  Winf  and 

South  Shore.) 

-ol  FraCt— location  of.  202. 

obwrrstloD.  on.  292. 

eral    coniidennlou    relatlTa 

to.  103. 

hlBtory  of,  100.  101. 

monolith  from.  102. 

obaerTattona  oD.    101.   103. 

itatM   and   clllca   In  which 

Jointing  0 
«  of,  : 


locatloD  of.  28S,  201. 
BndebUBCli — location  o(,  830. 

DbKnatlona  on,  SSO. 
Saddle  Mound  SandMone  Co.— lo- 
cation of,  246. 

■tatlBtlcBl  data  of.  248. 
Samp— Jointing  In.  2B9. 

location  of,  289. 

Sheboygan  Lime  Woi*» — location 


Sheridan  Broa.— 


■andatone  of,  color  of.  261. 

■tatlatlcal  data  of.  2S3,  3S3. 

■tripping  ot,  291. 
Latham  Smltb—tocatloD  of,  340. 

obMrvatlona  on,  842. 

statistical  data  of,  345.  848. 

(See  Limestone,  Sturgeon  Bar.) 
Spring  Lake  and  Uontello  Gran- 
ite Co. — description  of,  110, 

Jolntlns  In,  110. 

location  of.  100.  110. 

obaerratloDS  on.  110. 
Steiena— location  of.  247. 
Storr  Bros. — limestone  of — te*ta 

of,  3oa,  soe. 

□ses  of.  308. 
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Qnarry— of  Waupaca  Granite  Co. — gen- 
eral   considerations    relatlTe 
to,  130,  131. 
jointing  in,  127. 
observations  on,  126,  127. 
statistical  data  of,  131. 
(See  Granite,  Waupaca.) 
of     Waupun — limestone     of — build- 
ings construction  out  of,  287. 
location  of,  2bG. 
observations  on,  286,  287. 
statistical  data  of,   287. 
vertical  section  of,  287. 
of   Western    Granite    Co. — quartzite 

of,  165. 
of  Williams  &  Lannon — jointing  In, 
321. 
location  of,  316. 
■  observations  on.  318. 
(See   Limestone,   Lannon.) 
of  Wisconsin    Granite    Co. — quartz- 
ite of,  165. 
of  Woll — observations  on,  266.  266. 
of  Yetter — locati<>u  of,  244. 
observations  on,  244. 
statistical  data  of,  244. 
of  Youngs— jointings  In,  268. 
limestone  of — uses  of,  268. 
observations  on,  268. 
of  Zimkor — locations  of,  315. 
observations  on,  315. 
Quartz — abundance  of,  434. 

aliinity    of.     for    different    mineral 

substances.  38. 
composition,   cliemical,  of,  434. 
durability  of,  35.  434. 
physical   properties  of.   434. 
porphyry    (see   Uhyollte). 
Quartzite  blocks — as  a  road-making  ma- 
terial. 8.  0. 
characterlbticK  of.   4r>r». 
future  developniont  of  areas  of,  166. 
composition,    inineraloglcal,   of,    165. 

4.'»5. 
of  Baraboo   lilulTs.   1«>4. 
of  Chippewa   county.    ll)4.    165. 
of  I>odKe  county.   104. 
of  Jefferson  county.   KM. 
of  Necedah.  164. 
of  Portland.  164. 
of  Rice  Lake,  164. 
of  Waterloo.   164. 
origin  of,  455. 

outcrops  of.   miscellaneous.    165. 
quarries  of   (see  Quarry), 
surflclal  distribution  of.  164. 
uses  of.  165.  166. 
Qnlcklime — limestone    used    In  manufac- 
ture of.  256. 
(See  Lime.) 


Quoins— characteristics   of   stone   suita- 
ble for,  350. 


Uaclne — limestone  quarries  of,  327. 

(See  Limestone,  Racine.) 
Rain — beating  against  stone  wall— effect 

of,26. 
Randall,  S.  M.,  referred  to,  286. 
Rates    of    transportation — difference    in, 
between  east  and  west,  424. 
of    sandstone — Lake     Superior, 
215. 
Ratio  of  absorption  and  porosity^-com 
parative  importance  of,  373, 
374. 
difference  between,  68,  372,  378. 
relations  between,  373. 
(See  Porosity.) 
Red    Itock    (see    Quarry    of    Darlington 

Stone  Co.) 
Regions — glacial — disintegration  of  rocka 
in,  48. 
non-glaciated  —  disintegration       of 
rocka  in,  48. 
Reputation    of    stone — Influence    on    de- 
mand, 421,  422. 
Resume    of    quarries    of — granite,    162, 
164. 
limestone.     Lower     Magneaian, 
269. 
Niagara,  347,  348. 
Trenton,   297. 
sandstone — Southern    Potadam, 
248. 
St,  I»eters,  253,  254. 
Lake  Superior,  210,  216. 
tests,  physical.  388. 
uses    to    which    Wisconsin    stone  is 
suited.  357. 
Retaining  walls — color  of  stone  used  in* 
16. 
demand  for  stone  for,  10. 
quarries  of  stone  suitable  for,  353, 

354. 
u.se  of  boulders  In.  161. 
Rhyollte — area  In  Wisconsin  from  whidh 
quarried.  1>0. 
Rerlln — appearance  of  dressed  sur- 
faces of,  102,  103. 
buildings    constructed    out    nf, 

105. 
color  of.    102. 
composition,  chemical,  of,  103. 

mineralogical,  of.  108. 
contrast  of  hammer  dressed  and 

polished  surfaces,  102. 
curbing    manufactured    out    if, 
105. 
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Bhrollte— Bulln— dUBcnlt)'    In     pi 
Inc,  lOS. 

effect  of  freeslUK  and  tbkWlBf    Rice  La. 
on.  10*,  ST8.  Klehle  I 

effeel  of  heat  on,  104.  UIek — q 

"head"  in,  102,  446.  Itlft  Id 

location  of,  100. 
>*«''fi'*t"'  mannfaetnred  oat  of. 


106. 


coiutraeted  a 


;  ot    1 


"rift"  In.   102,  446. 
"run"  m,  lOa,  446. 
■peclQc  pailtr  of,  104. 
■trensth  and  duraUIItr  of,  10^. 

crushlDK,  of,  104,  880, 
teata.  laborator;,  of,  102. 

pbrsleal,  o^  104. 
tcitare  of,  102. 
naea  of.  105. 
Tclni  In,  102. 

composition,   mlneralotlcal,  ot,  446.    1 
durBblllC;  of,  3C. 
Harquette — color  of,  131. 

general  conslderatlona    ralatlTe   1 

(0.  121. 
••ritV  m,  121, 
Nelaon.  E.  J..  Ciranlte  Co. 

(8w     Rbjollte,      Berlin;    i 
Quirrj.  Nelaon,  K  }.f 
origin  of.  445. 

qnarrlea  of,  for  building,  351. 
atrnctnreii  In.  448. 
teitnre  ol.  446. 
Dtley — appearance   of   drciMd   anr- 
facea  of,  IIT. 
color  of,   117. 

compoKlIlon,  chemical.   118. 
mlneralaglcal,  IIT,  118. 

■Tiff  In,  iia.  117. 
■peel  lie  gravlt;  ot,   118. 
strength  and  dnrabllltj  ot,  119. 
teata.  laboratorj,  of.  IIT,  1 

pbjBlcal,  at.   118. 
weathering  of,  117. 
WlaconalD — effect  of  heat  on,  I 

elaatldtT.  modnlaa  of — tahl*  of. 

.108. 
freeilng  and  thawing  ot — table 
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Boclu — igneous — scblstosity   Id,  460. 

8tructureB,    secondary,  In,  458, 

4G0. 
structures — similarity    to    sedi- 
mentary rocics.  460. 
(See     Granite,    Ubyolite,      and 
Gneiss.) 
joints — effect    of,  on    durability  of, 

44. 
Keweenawan — kinds  of,  79,  80. 

metamorpbic  —  characterisi.cs 

of.  454.  455. 
lEinds  of,  164. 
origin  of.  454. 

(See    Quartzite,     Gneiss.     Mar- 
ble.) 
sedimentary — argillaceous     material 
in.  39. 
cementation  of,  18,  19. 
cement  of.  36,  37. 
classillcation  of  Joints  in,  457. 
dolomite,  37. 
durability  of,  36. 
effect  of  diurnal  cbanges  on,  19. 
folding  of.  86. 
Jointing  in,  86. 
Icinds  of.  37. 

original  structures  in.  450. 
origin  of,  447.  44S. 
ori;rin  of  bedding  In.  457. 
pyrlte  In.  40. 
stratification   of.  4r>i\. 
strongest  and  wpakoHt,  37.  38. 
structuTPs — secondaiy.   In.   45G, 
459. 
Hlmllarlty     of.     to    Igneous 
rocks.  460. 
•tructuPMs    <9>^o  Structures). 
Upper  and  liow^r  Huronlan — dlffer- 

enrp   In.   79. 
WisconKin — mofnmorphi.sm  of.  since 

deposition.  .S5. 
(See  Stone.) 
Rudebusch.   Henry,   referred  to,  330. 
Rome— condition  of  monuments  of.  16. 
Roots   of   tre*»8 — etTort   of   expansion    of. 

on  stone.  27. 
Rosenbusch.  refprr<»d  to.  56. 
Rose  Polytechnic  Institute — method  em- 
ployed In  determining  specific  gravity 
at.  64. 
"Run" — In     rhyolite — referred     to.     102. 
446. 


Saddle  Moond  Sandstone  Co. — quarry  of 
(see  Qnarry). 
Sandstone  Qnarry.  246. 
(See  Sandstone  Saddle  Mound.) 


Saddlestone — characteristics  of»  860. 
Samples — shape    of,     after     crushing, — 

strength    Indicated     by, 
366,  367. 
transverse    strength    tests, 
368. 
granite — shape       of,        effect        on 

strength,  crushing,  362. 
limestone — shape  of,  after  crushing. 
sandstone — shape  of,  after  crushing; 

365,  366. 
results  of  freezing  and  thawing  tests 
Influenced  by  shape  of,  379. 
Samp — quarry  of  (see  Quarry). 

Wm..   referred  to.  289. 
Sand — drifting — work   accomplished    oy, 
in  Wisconsin,  26. 
driven — effect  of,  at  Nantucket,  26. 
Sandstone — Abel  mans — color  of,  231. 
characteristics  of,  235. 
composition,   chemical,   231. 
mlneraloglcal.  of,  2S1. 
description  of  individual  quar- 
ries of,  233.  235. 
dressing  of.  233. 
durability  of.  234. 
effect  of  freezing  and  thawing 
on,  232. 
heat  on,  232. 
elasticity,  modulus  of.  of,  371. 
general   considerations    relative 

to.  235. 
porosity    of.    232, 
«iunrryini? — motbod  of.  234. 
Hp«'clfl<'  grnvlty  of.  232. 
strmi^rli.    cruHhlng.   of.   232. 

Transvt'rHv\    of.    '2:V2,    369. 
tests,  laboratory,  of.  231,  232. 

phy.slral.  of.  231. 
texture  of.  2:?!. 
Alma      Ct'nter — characteristics      of, 

245. 
alterfltlon.s   of.   450. 
Arcadian   r.rownstono  Co. — color  of, 
209. 
oh««TVMtlons  on.  208.  209. 
Argyle — <*onipo.sltlon.    mlneraloglcal, 
of.  251. 
drt'sspfl  surfaces  of,  appearance 

of.   251. 
effect   of  freezing  and  thawing 

on.  252. 
faulting  of.  251. 
folding  of.  251. 
porosity  of.  252. 
quarrying — method  of.  251. 
speciflc  gravity  of.  252. 
strength,  crushing.  252. 
tests,   laboratory  of,  251. 
physical,  252. 
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Bandatont — Ashluid  BrownaloDe    Co. — 

Jolntlns  in,  184. 
oburvatloiu  on.  183.  184. 
teaci  of,  IM. 

(8«e  SutUton*,  CbeqaamegoD. ) 
BBTKboo— bultdlnga  conitnicted  out 

uf,  23C. 
ailor  uf,  230,  236. 
cutting  and  drcwlni  of,  '2Z9. 
dreaalng  of.  23tt. 
texture  of,  236,  23S. 
DMa  of.  286. 
Ban  laliBd  Browsatone  Co. — mai- 

kels  fur.  mi. 
ot»«r«aIloiiB  on,   180,   161. 
leBts  of,  ISl. 

BlBck   Cre«k— obsemtloDa  OB.  247. 
24  S. 
uses  of,  248. 
Black    RtTBT    Fall* — charaeterlitlca 
of.  24S. 
color  of.  246. 
OMS  ot,  246. 
li  reck  CD  ridge — obsemtlooa  on  qiur- 

rj  ot.  182.  183. 
cauw  ot  cifollatlon  of,  In  eaatero 

citlrs.  »1. 
cement  of.  460. 
cemented    with    catclum    earbonaW, 

36. 
CheqoamegoD — abundaace  ot  No.  1. 
174. 
ela;  pockcTs  In,  172,  173. 
color  of.   171.   172. 
composition,  cbemlcal.  ot,  1T6. 
mlneraloglol,  ot.  1T4,  116, 
170, 
dlgtrlbntlOD  of.  100. 
darabilltr  of.  177,  178. 
effect     of     ctn;      pockets 

■trength    and   donbllltr 
of,  178. 
freezing   and    tb awing 


hCBt    0 


;.  177. 


177. 


metbod  of  quarrrlng  of,  178. 
obBervntlons  on,    170.   174. 
OMtpiil  of.  178. 
pebblen  In,  174. 
poronlty  of.   178. 
fpeciflc  graTltj-  of,  178. 
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Sandstone — Dunnville — Jointing  in,  224. 
observations  on,  224,  227,  2:^9, 

230. 
porosity  of,  225. 
specific  gravity  of,  225. 
strength,  crushing,  of,  226. 
tests,  laboratory,  of.  225,  226. 

physical,  of,  225. 
texture  of,  224. 
uses  of,  226,  227,  228. 
durability  of.  450. 
Dnrand — characteristics  of,  245. 
Jointing  of.  246. 
quarries  of,  245. 
effect  of  hont  on.  386. 
elasticity,  modulus  of.  of,  370,  371. 
Excelsior  Brownstone  Co.— color  of, 
186. 
Jointing  in.  186. 
observations  on.  186. 
expansion  of.  18. 
Flag  River — color  of.  205. 

genernl    considerations    relative 

to.  205. 
Jointing  in.  204. 
observations  on,  204. 
tests  of,  20.'>. 
freezing  and     thawing     of,     loss  in 

weight  due  to.  378. 
Gall— color  of.   234. 
Jointing  of.  235. 
uses  of,  235. 
Grand      Rapids      and      Centralla — 
buildings  constructed  out  of, 
243.  244. 
characterlRtIrs  of.   241. 
color  of.  241. 
effect  of  freezing  and  thawing 

of.  241,  242. 
equipment  of.  241. 
general    considerations  relative 

to.  242. 
Jointing  In.  242,  243. 
obsenrations  on.  242,  243,  244. 
porosity  of.  241. 
specific  gravity  of.   241. 
strength,   crushing,   of,   242. 
tests,  laboratory,  of.  241.  242. 
texture  of.  241. 
uses  of.  244. 
hardness  of.  450. 
Hartley  Bros. — observations  on,  189. 

100. 
Interlocking  texture  of.  30. 
Iron    River    Red    Sandstone    Co. — 
color  of.  206,  207. 
observations  on,  206.  207. 
Lake      Superior — Apostle     Islands, 
167.  160. 


Sandstone — Lake  Superior  —  basis  for 
grading,  213,  214. 
buildings    constructed    ont    of» 

217,  219. 
compared  with   Southern  Pott- 
dam  and  St.  Peters,  16S. 
cutting  and  dressing — cost  of, 

214,  215. 
development  of  —  possibilities 

for,  216. 
elasticity,  modulus  of,  of,  371. 
grading — method   of,   212,   214. 
necessity     for     uniformity     Ib 

grading.  213. 
present  inactivity,  reasons  for, 

211,  212. 
price  of,  214. 
quarrying    and    handling    of— 

suggestions  for,  215,  216. 
sawing  and  dressing  of — ^neces- 
sity for,  214. 
strength,     and     durability    of, 
210,  211. 
crushing,  average  of,  865. 
compared    with     Bed- 
ford limestone,  865. 
Connecticut    brown- 
stone,  866. 
Michigan    sand^ 
stone,  365. 
transverse,   of,   360. 
transportation — rates  of,  215. 
resume    of  quarrying    Industry, 
210.  216. 
LaValle  —  composition,     mlneralo- 
glcal,  of.  237. 
effect  of  freezing  and  thawlnff 
of.  23S. 
heat  on,  238. 
observations  on,  237. 
pon.filty  of.  237,  238. 
specific  gravity  of,  237. 
Ktronirrth.   cruHhlng.   of,   237. 

trnnsvor.M'.   of.   237. 
tests,   laboratory,   of,   237,   288. 
physical,   of.   237. 
Madison- -buildings  constructed  out 
of.  247. 
color  of,   247. 
dressed     surfaces     of — appear- 

ance  of,  247. 
laying — method  of,  247. 
texture  of.   247. 
Michigan — referred   to.    387. 

strength,    crushing,     compared 
with   Lake  Superior.  865. 
Mineral       Point — quarrying       of^ 

method  of.  253. 
NelllsYllle— Jointing  of.   280. 
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adrtona  —  NelllarlUe  —  obMrrulOM 
on,  28». 
N«w  LoDdon — color  Dt,  340. 

texture  ot.  240. 
Nortbem  totadam   (■«•  SukdM»B«i 

Lalw  Superior ). 
orlsln  ot,  440. 

onulde  of  Wlacoiuln — Ubte  ot  par- 
oalt7  of,  414. 
table  ot  apeclBc  grarltr  o^  414. 
atrengtb.      cnuUiic,       of, 
417.  419. 
phraleal  propertle*  of,  450. 
Pike — obaenatlona  od,  103,  1»4. 
teats  of,  1»5. 

(See  Bandetane.  Cheqaainegoii.) 
porea — aubcaplUarr,    occnnence   of, 

8T5. 
poroalty     of — maxtmnnL,    mlolmam, 

aod  average,  374, 
Portland — characterlatlca  of,  346. 
PotHlam — areal    extent   of.    187. 

compared  with  St.  Peter*.  167. 
frlabllltr  ot — cause  Ot,  30. 
relation    to    lAwer    Magneslan 
lIme«(aDe.  187.  168,  206. 
pre-Cambrlan.    167. 
(See  PatBdam.) 
Port  Wing— oolor  of,  202,  203. 
joIntlDB  In.  202. 
market  a   for.   203. 
abaervallonB   on,    202. 
testa  of,  303. 
teitnre  ot.   203. 
(See   Banditone,  Sooth  Sbore.) 
Prentice   Brownatone  Co. — color  of, 
191. 
obaerratloQ  on.  ISl,  192. 
BtBtes  and  citlea  In  which  osed. 

220.  221. 
testa  of,  102, 

(See  Sandstone.  CheqnamesoD.) 
gnarrlee  of.  for  building,  SOI.  302. 

(see  Qusrrles.) 
Saddle      Mound  —  bnlldlngi     con- 


246. 
I— acceadbllltr  of. 


Southern  rntsdi 
22.  22a, 
arcs]  extpnt  of.  221. 
color  ot.  222, 
compared   wllh  Lake   Superior, 

col  tint:    and  dreaslng — dtfflenl- 

llea  In,  222. 
eqiilpmpiit    ot    quarrlea.    23S. 
Jolntlnjt  In,  223, 
markets  for.  223. 
method  of  quarrjlng,  340. 
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•Sandstoae — strength,   crualilng  of,  max- 
imum and  minimum,  365. 
transverse,  369. 
texture  of,  449. 
used  in  sidewalks,  10. 

walls — difficulty    In   saturating, 
374,   375. 
Washburn  8cone  Co, — color  of,  187, 
188. 
Jointing  in.   188. 
observations  on,   187,    188. 
tests  of,  188. 

(See  Sandstone,  Cbequamegon.) 
weight  per  cubic  foot  of,  376. 
Westport — characteristics   of,    248. 
Wisconsin — distribution    of,    167. 
table  of   freezing  and   thawing 
of.  406. 
effect  of  heat  on,  412. 
elasticity,    modulus   of,   of, 

399. 
porosity  of,  402,  403. 
specific    gravity     of,     402, 

403. 
strength,      crushing,      393, 
395. 

shnwln;;  a  loss,  due 
to      freezing    and 
thawing,  408. 
transverse,     of,      396, 
397. 
weight  p«*r  cul)ic  foot.  402, 
403. 
'Sandstorms — effect    of.    in    arid    ri>gions, 

26. 
Sap  in — limestone — Kaukauna,  281. 

quarry   Milwauke*^  Monument  Co, — 
depth  of.  109. 
Berlin    (Jraulte    ^  o, — depth  of, 
107. 
Saturation — minernl    matter    carried    by 
water  of,  30. 
of  stone — in   wall — <llJ!ifulty   in.   7x, 

374.  375. 
of  stone — degree  of.   rontrolling   In- 
Jury    from    freezlnsf.    22. 
water  of.  In  stone.  21. 
Sawing — sandstone  —   Lake   Superior — 

necessity  for.  214. 
Scandinavia — granite     from,     tised     for 

monuments.  7. 
Schlstosity — characteristics  of.  459. 
effect  of.  on  durability.  44. 
of  Igneous  rocks.  460. 
Scotland — granite  from,  used  for  monu- 
ments, 7. 
Seasoning  of  stone — necessity  for.  2«.  20. 
Seeker,  Jacob,  quarry  of,  264. 
Bectlon — vertical    (see  Vertical  section). 


Sedimentary   planes^-^ffect   of,   on   dur- 
ability, 44. 

rocks — (see  Rocks). 
Shale— economic  importance  of,  in  Wis- 
consin, 451. 
origin   of,   451. 
Sheboygan — limestone    quarry   of,    338. 

(See  l^lmestone,  Sheboygan.) 
Sheboygan  Lime  Works — quarry  of  (see 
Quarry). 
Falls — quarry    of,    338    (see    Lime- 
stone.   Sheboygan   Falls). 
Sherriil,   15.   R..   referred  to,  251. 

E.   F..   referred  to,  251. 
Sheridan    Bros. — quarry     of    (see  Quar- 
ry >. 
Sidewalks — concrete   used   for,   10. 

effect   of  constant  shuffling  of  feet 

over,  27. 
limestone  used  for,  10. 
observations  on,  54. 
sandstone  used  for,  10. 
stone  used  for,  10. 
Silica — ft.s  a  cement,  37,  39. 

solubility  of,  38. 
Sill.  Wm.  U..  engineer,  referred  to,  170. 
Sills — window — characteristics  of   stone 

suitable  for.  350. 
Silurian — in   Wisconsin,   85. 

Lower    (see  Ordiviclan). 
Sledges — use  of.   In  quarrying,  29. 
Si.iith,  Latham,  quarry  of  (see  Quarry). 
Smock.  J.  ('..   referred  to,   17,  26. 
Solublllry  -^)f    calcium    carbonate,   38, 
of  iron  oxide.  3S. 
of  silica,   38. 
Southern  I'otsdam  san(^stone   (see  Sand- 
stone). 
Southern  Tn'nton   limestone  area— <iuar- 
rles  of.  2»<s. 

(See     LlMieHtono.     Southern     Tren- 
ton.) 
South    Slion*    area     sandstone    quarries 
of.  19.'.  109. 
(Se<*    Sandston*'.    South  Shore    and 
Lak*'    Superior.) 
Sonthwesitf'rn   Trf'nton   limestone  area — 
quarri«'s  of.  292. 
(Se«»        Lime.stone.         Southwestern 
Trenton. ) 
Specltlc  gravity  and  crushing  strength — 

relation  of.  372. 
Specltlc  gravity  of  granite,  146. 

ettect    of    raineralogical   compo- 
sition on.  372. 
cftf^ct   of   ferro-MagnesIan   min- 
erals of.  on,  372. 
effect  of  slllcloas  minerals  on, 
372. 
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It; — of  (Tuiitc — mailmam,    Stattnl 

iluimnm.  aud  aTeragc,  311. 

«   or.   400.   4U1. 

lide  111  WlecoDila — table  of, 

13. 

lone,    marble  and   dolomite, 


WlBtonsln.  table  of.  *01.  403. 

m«bod  of  determlniug.  63.  68. 

employed  by  author,  64,  6a 

of  TbfoMte— table  of,   400,   401. 

of  eaodelone — effect   ot   Iron   upon. 

372. 

effect  ot  leiture  on.   372. 

table  o(.  402,  403. 

Spring  Lake    &  Montelto    Granite  Co.— 

quarry  of    (see  Quarrj). 

Btatlatlral     data — of    t|uarrj — of    Arca- 

dian Rrownstooe  Co.,  206. 

of    Aehlnnd    Brown  at  one    Co.. 

Bte 

of  AtbeUtane,   15S,   1S6. 

of   Barron.   281. 

of  BasA  lelaDd  Bronoatone  Co., 
1S2. 

ot     Berlin    firanlce    Co.,    115. 

St 

of  C.  £  X.  \V.  Rj.  Co.,  277. 

or  Cray.  245. 

of  Daclc  Creek.  278. 

ot  LHilulb  Brownstone  Co.,  201. 

of  Diinnvllle.  228. 

of  Eureka.  290. 

of  Eictislor    BroT.Citone    Co.. 

187. 

of  GlMen  Stone  Co..  278,  279. 

of  Granite  llelgbts.  141.  142. 

of    (ireen    I^ke    Granite    Co.. 

of   Iron   Itlver   Red    Sandetooe 

Co..  20S. 
of  Lannon  Stone  Co..  328. 
of  I.nurle  Stone  Co.,  345. 
ot  Lee  BroF..  316. 
of  MoGraw,   284. 
of  Menaslta.  283. 
of    Menominee     Falla     Quarry 

Co..  322. 
of    Milwaukee    Monument    Co.. 

of  Montello   Rranlte   Co..   M. 

ot  Neenab.   2S4. 

of   NeiBon,    V..  J..  Granite   Co., 

of  OpDDlnK  A  Gleaen.  26B. 


INDEX. 


Stone — coior  of — unlformitj  of,   11,  12 

competltiou  with  brick,  3;* Iron,  3^ 

terra  cotta,  3  :  wood,  3. 

composition  and  kinds  of,  431.  432. 

cost  of,  controlling  use  of,  421. 

factors  affecting,  41>l.' 

danger   from    water.    ,  f    saturation 
28. 

decoloration  of.  cause  of,   13. 
decomposition  of— effect  of  decay  of 
plants  on.  27. 

demand  for— inf  u.^nce  of  reputation 
on,  421.  422. 

discoloration  of—cause  of,   12. 
dislnt.^gratiou  (»f— causes  of,  27,  28 
dressing— i^fftvt    of.    on    perman'ence 
of  color.  1 3. 

durability  „f— compared  with  brick 
428. 

determined   l>y   (]uarry  observa- 
tions. 47. 
effect  of  climate  ^,n.  42C,  427. 
grade  of  stone,  on  estimate 
of.  152. 
effect  of  heat  on,  34. 

organic  acids  on,  34. 
effect  of  polished  and  rough  surfaces 
on  life  of.  30. 
of  water  on.  33. 
exfoliation    of.    due    to    laying    on 
edge.  31. 

extent  of  saturatlf'n  by  wall  of,  11. 
for  ashlar  masonry — characteristics 
of,  350. 

for   balustrades — characteristics    of 
350. 

for    breakwater — characteristics    of. 
10. 

for  columns — characteristics  of,  350. 
for  copings — characteristics  of,  350. 
for  cornices— characteristics  of.  350. 
for  cribs — characteristics  of,  10. 
for  fronts  of  buildings.  4. 
for  lintels — characteristics  of.  350. 
for  parapets — characteristics  of,  360. 
for  piers— characteristics  of,  10. 
for  quoins — characteristics  of,  350. 
for    road   construction — characteris- 
tics of,  356. 

for  rubble  masonry — characteristics 

of.  350. 
for  trimmings,  4. 
for  walls.  Ride  and  back,  4. 
for  window  sills — characteristics  of, 

850. 
heat,  conductivity  of.  18. 
Importance    of   examination    of,    In 

bridges,  46. 
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-impurities  In,  cause  of  discolor- 
ation, 12. 

in  monuments,  value  of  examination 
of,  46. 

Inh'^/J*^'";  "**^ .?'/  ^*y  Guilders,  50. 
Inherent  qualities  of,  34. 

injury  by  heat,  I),  72.  73. 
laying  of — improper  method,   decay 
of    buildings   of   Boston    and 
New  York,  due  to,  28. 
on  edge,  effect  of,  24,  45. 
reasons  for  avoiding,  32. 
life  of.  effect  of  polishing  on,  30. 
effect  of  use  of  heavy  hammers 

and  sledges  on,  29. 
Intluenced  by  cutting  and  dress- 
ing on.  30. 
Montana  —  effect     of     temperature 

changes  on.  19. 
necessary  considerations  In  selection 
of.  11. 

ornamental  —  color  of  --  effect  of 
weather  on,  15. 

pores  in.  20,  21. 

price    of,    dependent    upon    quality, 
42.',. 

quarries  of — for  breakwaters,  366. 

for  bridge  construction,  353. 

for  columns.  354. 

for  cribs.  355. 

for  curbing.  355,  356. 

for  foundation  purposes,  352. 

for  hitching  posts,  257. 

for  monuments.  354. 

for  monument  bases,  357. 

for  piers.  355. 

for  pillars.  354. 

for  retaining  walls,  353,  364. 

for  rond  construction,  356-857. 

for  stepping  blocks,  357. 

for  wainscoting.  354. 
roots   of  trees — effect   of  expansloB 
of.  27. 

Keas(mlng  of.  advantages  of,  24,  28, 
29. 

Ktrrncth  of — meaning  of,  44. 

stresses — nhnormal — effect  of,  60. 

tests  of,  from  single  quarries — re- 
sults of.  350. 

transportation  of.  .*>. 

unseasoned — effect  of  freeslngon,24. 

used  In  Wisconsin  buildings,  426. 

uses  of.  3,  10. 

value  of,  means  of  determining,  46. 

welglit  of.  conditions  of,  constant, 
70. 

method  employed  by  author  In 
determining.  70. 
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'ellfat — per    cable  foot — Impor- 

tuce  of,  3T6.  8TT. 
WlaconslD — abrulon  doo  to  ditftlnc 

■and,  26. 
eapacltr  of,  to  witbitud  boU. 

387. 

aoderatclT   blih    tau- 
peratnm^  38T. 
chemical  inalfsli  of,  42a 
•Sect  of  heat  od  bnildliifa  coti- 

■tracted  oat  of,  TS. 
mama  ol  ua«  for  wblch  anlMd, 

2B7. 
itnoKtb,  cmahlOK,  faneral  ooo- 

■Ideraclona  nJatl*e  to,  SM. 
taata  of — CTldencca  of  dDrablli- 

IMU  of— tabid  of,  390,  4lx 

mam  and  mini  mam,  ST6. 
Storr  Broa. — qoarrj  of  <ae«  Qnanr). 
atout.  C.  referred  to,  290. 
St.  PMen — area!  dlatrlbotlon  ot,  83. 
characterlatlca  of.  82. 
aandatoDc  (aee  Baodatoaa). 
thlckoeaa  of,  83. 
Stratification — luIenalflcatlOD  of.  doe  to 
beat.  385. 
ot  ■edimeutar]'  rocki,  43S. 
Atrenslb.  crUBblua  and  tranBTene.  com- 
pared with  modalua  of  elaatlcl- 
to,  3T1. 
determlnatloD    ot,  bj    phyaleal 

teata.  ST. 
diacuaaloa  ot,  remits  of,  300- 

368. 
effect  ot  careleaabaiidlla|0ik,44. 
caTltlea  on.  4L 
cleavage  and  aaalllt;  oq,44_ 
contlDulai  preaanre  on.  S9. 
high  temperatarea  on,  S9. 
Id  term  It  tent    preaanre    on, 

table  of.  3ST. 
long  continued  preaanre  on. 

mlneraloglcal     compoaltlon 

■Bturatlon     bj     water     on. 

■bape  of  aamplei  on,  362. 

alae  of  gralna  on,  44. 

specific  srsTttr  on.  3T2. 

state  ot    agireBatlan    on. 

41.  44. 

eatlmate  of  durabllltr  from,  S8. 

factor  ot  aatetj  In  balldlnia.  S8. 

general  coaslderallona  relatlre 

to,  366. 
Interpretation  of,  44. 


INDEX. 


541 


Strength — crushing — shape    of    sampies 
remaining,       indicated       by, 
360,  3«7. 
size   of   cubes    used    in   obtain- 
ing, 60. 
tests  of,  discussion  of,  358. 
value  of,  58,  359. 
(See  Tests.) 
transverse  and  crushing — compared 
with  modulus  of  elastici- 
ty, 371. 
discussion  of,  36S-369. 
evidences  of  need  for  tests  of, 

61. 
how  mea.sured,  368. 
importance  of,  368, 
method  of  obtaining,  62. 
of  granite  —  Wisconsin  —  taole 

of.  3U6. 
of    limestone  —  maximum    and 
minimum.   369. 
Wisconsin — table  of,  396. 
tests  of — shape  of  samples  re- 
maining after,  368. 
sandstone — maximum,  369. 

Wisconsin — table    of,    396, 

397. 
value  of.  62. 
Stresses — abnormal — effect  of.  on  stone, 
00. 

intermittent,  effect  of,   on  crushing 
strength,  367. 
Strike — of  Joints  In  Wisconsin.  459. 
Stripping  (see  Individual  quarries). 
Structures — discussion  of,  25(5-260. 
durability  influenced  by,  35. 
of  igneous  rocks,  original,  456. 
secondary,  458-400. 
and     sedimentary     rocks — simi- 
larity of,  460. 
of  sedimentary  rocks — original,  456. 
secondary,   456-459. 
Sturgeon     Bay — limestone    quarries    of, 
340-344. 

(See  Limestone — Sturgeon  Bay.) 
Sub-caplllary  pores  (see  I'ores). 
Sulphurous  acid  gns  (see  Cias). 
San — weathering  due  to,  20. 
Sweet,  Almson,  referred  to.  170. 
Sylvester — quarry  of  (see  Quarry). 
Seth,  referred  to,  337. 


Table  of  calibration  of  testing  machine, 
389. 
effect  of  carbonic  acid  gas  on  lime- 
stone, Wisconsin,  410. 
beat  on  Wisconsin  granite  and 
rhyollte,  411. 


Table — of  effect    of  heat    on    WIsconBlXL 

limestone,  412. 
sandstone,  412. 
sulphurous    acid    gas   on    lime- 
stone— Wisconsin,  409. 
elasticity — modulus   of,   of   Wiscon- 
sin granite  and  rhyollte,  398. 
limestone,  398,  399. 
sandstone,  399. 
of  freezing  and  thawing  of  WiacoDr 
sin  granite  and  rhyollte,  404. 
limestone,  405. 
sandstone,  406. 
of  porosity  of  granite  and  rhyollte 
of  Wisconsin,  400,  401. 
of   granite   outside   of   Wiscon- 
sin, 413. 
of    limestone — Wisconsin,     401, 

402. 
of  limestone,  marble,  domollte, 
outside    of    WlsconBln,    418, 
414. 
sandstone — outside   of   Wiscon- 
sin, 414. 

Wisconsin,  402,  403. 
of    strength,    crushing — of    granite 

and    rhyollte — Wis- 
consin,  390,  391. 
showing    loss    due    to 
freezing   and    thaw- 
ing, 40T. 
outside  of  Wisconsin,  415. 
marble,    outside    of    Wisconsin, 

415.  416. 
limestone — outside    of    Wiscon- 
sin, 416,  417. 
Wisconsin,   392,  393. 

showing    loss    due    ta 
freezing    and    thaw- 
ing, 407. 
sandstone — outside   of    Wiscon- 
sin, 417-419. 
Wisconsin.  393.  396. 

showing    loss    due    to 
freezing    and    thaw- 
ing. 408. 
showing   effect   of   intermittent 
pressure,  367. 
of    strength,    transverse — granite — 
Wisconsin.  396. 
limestone — Wisconsin,  396. 
sandstone — Wisconsin,  896, 897. 
of  specific    gravity    of  granite  and 
rhyollte    —    Wisconsin, 
400  401. 
outside  of  Wisconsin,  418. 
of  limestone,  dolomite,  and  marble* 
outside  of  Wisconsin,  413, 414 
I  Wisconsin,  401,  402. 
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Table  of  specific  grmylty,  of  aandstone 

outside     of     Wisconsin, 

414. 

Wisconsin,  402,  40S. 

of  weight  per  cubic  foot  of  granite 

and  rhyollte— WUconsiu,  400. 
of  limestone — Wisconsin,  401. 

of  sandstone — Wisconsin,  402. 
Talc — composition,  chemical,  of,  439. 
occurrences  of,  439. 
physical  properties  of,  439. 
Tariff— on  importation  of  granite,  7. 
Templeton — limestone  quarries  of,   323, 
325. 

( See  Limestone — Templeton. ) 
Temperature — annual  rarlations  in,  18. 
cause  of  unequal  expansion  and  con- 
traction, 18. 
changes  in— cracks  and  Joints  pro- 
duced by,  19. 
in  Montana— effect  of,  on 

stone,  19. 
diurnal— effect  on  sedimen- 
tary rockSp  19. 
effect  of  high,  on  strengUi,  59. 
of  rock  surfaces  in  Africa,  19. 
(See  Heat) 
Termensen  &  Jensen,  referred  to,  840. 
Terra  Cotta-^competltion  with  stone,  8. 
Tesch— quarry  of  (see  Qaarry). 
Testing  machine — Olsen — ^referred  to,  62. 
Riehle — referred  to,  61. 
(See  Machine.) 
Tests — artificial — difficulties  In  estimat- 
ing durability  by,  57. 
chemical — of    limestone — table     of, 
420. 

ralue  of,  55. 

compared     with     microscopical, 

56. 
(See  Composition,  chemical.) 
durability — discussion  of,  358. 
interdependence  of,  871. 
ralue  of,  424.  425.  58. 
freeslng  and  thawing — difficulty   in 
performing,  377. 
discussion  of,  877-384. 
general    considerations   relatlre 

to,  381. 
importance  of,  377. 
heat — how  performed,  373,  374. 
laboratory  —  durability     estimated 
from — necessity  for.  54,  55. 
Tslue  of,  to  architects  and  build- 
ers, 54.  55. 
microscopical  —  characteristics     de- 
terminated by,  56. 
how  conducted,  56. 
ralue  of,  55,  56. 


Tests — microscopical — value     of, 
pared  with  cliemlcai  tests,  I 
(See  Composition,  mineralogio 
of  granite — isee   Tests,   micro 
cal.   physical,    chemical,  strc 
porosity,    etc. ) . 
of  limestone    (see  Tests,  mien 
leal,  physical,  chemical,  stn 
porosity,  etc), 
of  rhyolite     (see    Tests,    mien 
leal,  physical,  chemical,  strc 
porosity,  etc.). 
of  sandstone    (see  Tests,  mien 
leal,  physical,  chemical,  stn 
porosity,  etc.). 
strength,  crushing,  58. 

concentric  parting  structni 

reloped  through,  367. 
discussion  of,  358. 
method  of  preparation  of 

for.  61. 
necessity  of  care  in  prepai 

of  cubes,  61. 
discussion  of  results,  359. 
ralue  of,  58,  359. 
(See  Strength,  crushing.) 
strength,  transrerse — sliape  of 

pies  remaining  after,  368. 
(See  Strength,  transrerse.) 
sulphurous  acid  gas,  74. 
physical — discussion    of    resuli 
258,  388. 
determination       of      don 
from.  57. 
of  strength  from,  57. 
necessity  for,  57. 
physical      (see      Porosity.      S 
Gravity,    Freezing    and    thi 
Strength,    Elasticity.    Heat 
Acid). 

resume  of.  388. 
ralue  of.  57. 
Wisconsin  stono — erldences  ol 
billty  from.  388. 
Incompleteness  of,  388. 
1'etzlaff  k  Co..  referred  to.  296. 
I'exture — effect  on  durability  of.  3 
Inequality  of.  emphasized  by 

weathering,   48. 
Interlocking,  of  limestone.  39. 
Irregularities  in — revealed  by 

erlng.  49. 
of  basalt,  447. 
of  diabase,  447. 
of  gabbro,  447. 
of  granite.  444. 
of  limestone,  298.  4r«2. 
of  sandstone.  39,  449. 
of  rhyolite.  102,  446. 


1  ■ 
1 


t 


